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Chapter I

INTRODUCTION

vverview

The systems that ars used by the Air Force are expensive,
higily complex pleces of equipment that are continually being
replaced with new systems in order to keep pace with both the
chunging enemy threat and the svolving state of American technology.
These systems arc procured through the weapon system acquisition
procéss. This process is a sequence of specified activities that
extend‘from tl.e system conceptua® phase through the full scale
production and depliyment of the weapon system {(5:1ii),

To ensure the initial opcrat®onal capability of these
newly acquired systems, support materia. in the form of spare and
replacement parts must be available immediately upoa system
activation and through the initial phases of oparation. These
initial support requirements are provided by the initial provicion-
ing process (5:ili).

The initial sparos support list (ISSL) is a part of the
initlal provisloning procsss, Its purpose is to provide the
initial range ani depth of items required to support weaypon
syston activetlons. The items that are included on the ISSL are
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determined at a provisioning conference by the technical equip-
ment specialist, the system manager, the item manager, and
representatives from the using command (6,8,11,13:12-30). The
ISSL establishes a special inventory level at the base that is re-
celving the new system. Special levels
. «» » When used wisely . . . are valuable tools in
effectively supporting operational activities; when the -
intent of special levels policy/procedures is abused, the
overall ability of logistics managers to provide effective
support is degraded [16:11-7].
Historically, the inventory levels established by the
ISSL have been either tou large or too small. In 1971 the ISSL
stock levels were relatively large and the base level units complain-
ed that too much stock sat at base level without being vsed (7:1,8).
A General Accounting Office study showed that in 1971 the Air Force
spent several million dollars on spere/replacement parts which were
never used (2i:1). The next year, 1972, Headquarters Air Force
Loglstics Command (AFLC) implemented Department of Defense
Directives that significantly reduced the ISSL stock levels. After
the implementation of the new directives, the base level units
complained that not enough stock was being provided by the ISSL to
support weapoa system activations (7:1,8). .
The problem of inaccurate ISSL quantities still exists., As
recently as March 1979, the overall Alr Force parts use rate for

ISSL items was 17% and, in particular, the parts use rate from ISSL




stocks for the F-15 through March 1979 was 10% (2). On the other
nand, AFLC continually receives requgsts to increase ISSL authori-
zations for other items (6). These facts indicate that there are
still a significant number of cases in which the incorrect items
in the incorrect quantities are being placed on the ISSL.

Because of thils problem, AFLC requested that a study be
initiated to develop a model of the ISSL development process ($:l).
Two factors prompted this request: first, the procurement of too
many or too few items during the provisioning process and, second,
the apparent lack of understanding of the ISSL development process
on the part of the Alr Force loglsticlans who operate the Air Force
supply system (2,6,8,11). Thus, the objective of this research
effort was to develop a dynamic model of the ISSL development
process, Specifically, & system dynamics approach was employed to
develop & model of the system. This method was chosen because it

movides a systematic approach to model construction through its
treatment of ", . . the central framework underlying . . . activity
[(3:vi1]." It provides a logical cause and effect means of analyzing
the underlying management declislons that make up the ISSL development
process,

While this research effort was directed towards the ISSL
development process in general it specifically addressed Alr Force
menaged economic order quantity (EOQ) items. In addition,the reader




must keep in mind that the initial spares support list (ISSL)
becomes a follow-on spares support list (FOSSL) ". . . once the '
weapon/end article has transitioned from the "initial" to "folliow-
on" support, . . [15:12-337." The transition from ISSL to FOSSL

is determined by ", . . the sysiem manager (SM)/end article item
manager (IM) ISSL/FOSSL monitor. . . [15:12-33]." Thus, this

study applies not anly to the ISSL, buq to the FOSSL as well.

Bac und

Through the weapdn system acquisition process, the
Department of Defense Procures the weapon systems required to counter
the threat posed by the forces of a potential enemy. The acquisi-
tion process is a sequsnce of specified activities designed to
achleve program objectives. It extends from the system couceptual
phase through the full scale production and deployment of the
weapon system (5:4i1). To ensure the initial operational capability
of the newly acquired weapon system, support materials in the form
of spare and replacement parts must be available on or before the
system activation date, These initial support material require-
ments are satisfied through the provisioning process (5:iii),

During the initial provisioning process, decisions are
made which can affect the future capability of DOD agencies to
suppoxt thelr operational weapon systems. In addition, the initial
provisioning decisions cause the expenditure of millions of dollars

4




for spare and eplacement parts (21:1), These provisioning
decisions must be made in light of the initial provisioning
objective of assuring

+ + o« the timely availabllity of minimum initial stocks

of support items at using organizations and at maintenance
and supply activltlies to sustain the programmed operation
of eud items until normal replenishment can be effected,
and to provide chis support «t the least investment cost
[18:2].

The principle objective of initial provisioning, of which
the ISSL is a part, 1s to assure the timely availability of initial
stocks, at a minimum required level, at the using organization and
maintenance activities to maintain the programmed operations of
a weapon system until normal supply channels can be established.
Moreover, this system support must be provided at the least possible
cost (6,8,1412-3).

The initlal provisioning process is employed to procure
needed support items that are not currently in the DO. inventory.
These support iltems have been developed specifically for the weapon
system and in many instences the support items themselves are made
up of several «asparate subunits which must also be suprorted
(1311-1). The number and type of spare and suppor’ items required
to initlally support a weapon system are predicated upon the
systen's anticlipated geographic deployment, mission profile, amd

the maintenance concept to be employed (13:1-8).




Two important factors used in determining the appropriate

maintenance concept for a given spare or support item are the
relizbility and maintainability of the item. For the new ltems
coming into the inventory the reliability and maintainability
data are based on engineering estimates until actual failure rate
data can be obtained from the operational use of the item (6,8,11,
15:12-3).

During the initlal provisioning conference the reliability
and maintainability data are considered along with any actual
failure rate data in developing the ISSL, The ISSL is thus composed
of those items that have been determined by the item manager/system
manager,and representatives from the usiﬁg compand to be essentlal
to weapon system operation for an initial period of time, and as
such the ISSL is the central element of the initial provisioning
process (15112-5). Despite the coordinated efforts of the item
manager, system manager, and the using command there have been
numerous occasions where too few or too many items were included
as part of the ISSL (2,6,8,11).

The procurement of too many or too few ltems can have a
detrimental effect on the operational capabllity of the weapon
system the ISSL is designed to support. The procurement of too
fow items results in an increase in the Not Mission Capable -
Supply (NMCS) rate due to a lack of spare/replacement parts,




Conversely, the procurement of too many items resulis in the
unnecessary expenditure of funds when the monies could have been
better spent elsewhere (2,6,8,11). Because of these problenms,
AFLC requested that this research project be accomplished. The
study used the system dynamics approach to analyze the ISSL

development process.

Justification

“"Alrcraft, mlssiles, engines, equipment, and other end
articles coming into the inventory, . . . must be supported as
soon as the end article(s) is received by the location/base from
which it will operate [15:12-3]9" These items constitute tl.e end
ltems procured by the DOD through its acquisition process. An
integral pari of the acquisition process is the initial provision-
ing process whereby spare and replacement parts are procured to
support the end item until normal suppiy chamnels can be established
(15:12-29).

The provisioning process is a series of critically timed

actlons designed to ensure that the new end items will have
adequate support, The process extends “. . . over a wide range
of functlons, including design, maintenance planning, supply, re-
quirements determination, item inventory control, procurement,
cataloging, and contract administration [20:Encl 1-2]." This

initial provisioning process ends with ", , ., the delivery of a




minimum rangs and quantity of support items. . . for support during
an initial periocd of service [2G:Encl 1-2]." These activities
of initial provisioning bring the process into line with the stated
DOD objestive of providing the right part in the right place at the
right time and in the right qugntities. The DOD stated objectives
of inltial provisioning must be carried out under the concept of
ninimum supply response (18:2). The Alr Force logistician is
charged with the responsiblility of achieving ". . . maximum initial
support within available resources, ., . under a concept that re-
quires minimum supply response time [19:2]."
Minimum supply response is achieved through the attainment
of a balance between ". ., . pipeline inventory and costs related
to holding inventory [19:2]." The implementation of this concept
of minimum supply response is predicated upon the inventory policles
providing for a coordinated appreach to the elements of
. + « rrogram development; the depth of stocks provided

in the initial requirsments computation; the range of items

selected for initlal stockage; and the requivements computa-

tion policy, . .[19:2].
Therefore, the minimum supply response concept can be likened to
the initlal provisloning process in that both have the objective
of ensuring tha% the base has ", . . available a given range and
depth of stock to ensure acceptable support from the first day the
ond article(s) is assigned [15:12-3]." The range and depth of items

t0 be provided are ". , , agreed to during the provisioaing process
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[15:12-3]." The concept of acceptable support is geared towaxrds
previding an adequate range and depth of spare and replacement
parts to meet the programmed operations of the end item at the
base level.

There are three important questions which must be answered
during the provisioning process to determine the range and depth
of items to be provided as part of the initilal provisioning or
ISSL package. These questions are: (1) how critical is the
item considered for inclusion on the ISSL to weapon system
operation; (2) what will the demand rate be for the item; and,
(3) how much money is available for the purchase of these spare/
replacement items (1:1)? The answers to these questions are
difficult to ascertain particularly when an ISSL pertains to a
new weapon system and the component reliability data are based
on engineering estimates rather than actual operating performance (6).
However, through application of the system dynamics approach and
the resultant information-feedback model, potential decisiovns
regarding levels of spare/replacenent pasts can be analyzed to
ascertain the level of system support that will be provided by
that level of support. By testing the different stock levels the
Alr Porce loglstician will be in a better position to meet the
initial provisioning objective by providing to base level units

an adequate and acourate ISSL,




During the initial provisioning process an inventory
management speclalist assigned to Headquarters, Air Force Logistics
Command (AFLC) uses the engineering reliability data in conjunction
with ". . .. base order and ship time, base repair cycle and initial
operating level. . . [9:1]," to determine the quantities rsquired
for each item chosen to become part of the ISSL (9:1-2). The
mathematical medels used by the inventory management specialist
wore developed by the Department of Defense and are contained in
DOD Instruction (DODI) 4140.42. DODI 4140.42 gives the control of
the variables used in the model to the headquarters level activity
respensible for the logistical support of the weapon system (19:3).
The Directorate of Materiel Requirements (LOR) in Air Force
logistics Command Headquarters is responsible for the ecalculations
affecting the depth of items to be provided as part of the ISSL.

When calculating the number of a glven item to stock as
rart of the ISSL, the specialist assigned to AFLC/LOR must work
within the parameters established by the engineering specialist.
While working within these parareters the LOR specialist aust assume
that the data supplied by the equipment speclallst is accurate; thus
making the initial requirements computations accurate. However,
according to an inventory management specialist assigned to AFLC/LOR,
the quantities of items carried on the ISSL are not always accurste
as evidenced by the numerous requests for changes to the ISSL stock-
age level which aro being received by AFLC/LOR (2,6,8,931,11).

10




Twe examples of problems associated wlth an inaccurate
quantity on a ISEL were given by a supply system analyst assigned
to the Directorate of Logistics (AFLC/IOL). First of all he had
a personal experience with an over stockage due to an inaccurate
ISSL supporting an F-4E fighter squadron in Germany in 1972 (2).

The squadren was being supported by an ISSL which contained
items valued at over $400,000, During the two year time span of
the ISSL, only 1% per cent of the items were used. The result was
that approximately $344,000 was invested in inventory that was not
used, Some of this excess inventory was returned tc¢ the supply
system with the remainder being disposed of as salvage material (2).

The second example concerned & problem that he was currently
trying to solve, This second axample also concerned an F-4B fighter
squadron, but in this lonstance the fighters were assigned to the
Alaskan Alr Command. The problem revolved around the fighter
squadron experiencing a 60 per cent Not Mission Capable-Supply
(MMCS) rate Yecause the ISSL did not specify an adequate range and
depth of spare/replacement parts (2).

The first oxample serves to point out that when the
engineoring estimates on the rellabllity of components axe used,
the I85L quantities can be high when predloting the depth of
spare/roplacement Tarts needed to support a weapon system during
its inltial periocd of sarvics (2,6,8,11). The second example points

11
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out that as a system progresscs through time, «.d 1:. ISSL is
adjusted for the "no demand generate - items, the range and depth
of items specified for system support may be low. The low system
support results because the "no demand generated" items are deleted
from all future ISSLs so that new system/equipment activations will
not have the items included when in fact the items may be needed;
thus degrading the logistical support intended for the system.
Logistical support was further degraded when the different type

of operating environment for the F-4E was not taken into considera-
tion when the required sup. ..t items were specified for the Alaskan
Air Commard (2).

In “he rece t past, the ISSL estimates were predominantly
high, which caused the expenditure of several million dollars fer
the procurement cf spare/replacement parts which were not used (21:1).
The high expenditure of funds caused the House Appropriations
Compittee to direct the General Accounting Office (GAO) to conduct
an lnvestigation into the initlal provisioning practices of the
Air Force (21:1)., 4 1971 GAO report stated

The Air Force spends hundreds of millions of dollars

annually to obtain spare parts needed to support new air-
craft during an initial period of operatioa. . . . Initial
provisioning is one of the most important activities of
military supply. If not enough parts are purchased,
operational capabllities of new alrcraft can be reduced,

I too many parts are purchased too soon, or if wrong parts
are purchased, money is wasted or prematurely spent [21:1].

\

The report continued and said
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The appropriations Committses of the Congress and other
comnittess may wish to consider the matters discussed in this
repoxri, in comnection with future Air Force requesis for spare
parts to initially support new wecpon systems [21:4].

Ac a result of this unfavorable GAD report, DOD directives
were implemented by the inventory specialists at AFLC which signi-
ficantly rsduced the ISSL stock levels (7:1). The Inventory
management specialistsvwho were interviewed pointed out that the
1SSL stock levels have baecome lnsurance items until normal supply
channels can be established and each ltem on the ISSL has had an
opportunity to go through its demand development period (2,6,8,11).

The demand development reriod extends from the item's

preliminary operational capabllity date tc that peint in time

when the iterm requirements ". . . can be forecast based upon
actual demand or other empirical data indicative of the need for
spare and repair parts [19:Enc) 4-17." The demand development
period cannot exceed two years; however, in some cases the period
pay end in a relatively shorter perlod of time (19:Encl 4-1).
Other factors which the inventory specialisss pointed out

indicate that there is a. inadequate feedback system due to an

apparent lack of understanding of whe ISSL development and adjust-
ment process. Perhaps the most graphic portrayal of this lack of
understanding occurs when the spars/replacement parts are requisi-
tioned from the base supply system., For example, the requisitioning

code oftentimes does not reflect the proper priority cede; i.e.,

13
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an expedite code is used instead of a routine code when applicable
(2). The impact of these expedited requisitions is felt at the
provisioning conference., The provisioning conference serves as a '
forum at which the system manager, item manager, and representatives
from the using command meet to review and discuss the range and
depth of items designated to become part of the ISSL (15:12-29).

The major command represeatatives oftentimes comes to these con-
ferences with requests for changes to the lsvels of certain items
which are based on personal experiences, actual or historical, on
similar items.

Once the ISSL has been established changes to the computed
stock levels may be submitted to Directorate of Materiel Require-
ments (AFLC/LOR) for review and possibla inclusion in the ISSL
(2,6,8,9:1 ). Currently, AFLC policy authorizes units to submit
requests for changes to the computed ISSL quantity levels, provided
the changes are based on sound managerial judgement and submitted
in writing to AFLC/LOR (6,8,9:1). The intent of this policy was to
allow for unusual circumstances to be rectified. These written
requests for changes to the computed levels were expected to be
the exsception rather than the rule, However, change request letters
are continually bolng received and processed by AFLC/IOR, which
indicates a lack of understanding of the ISSL process and its

purpose by the using agencies (6,9:1),
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To put the foregoing into perspective, the initial spares
support list (ISSL) is designed to provide an adequate range and
depth of spare/replacement parts at base level to suppert weapon
system/equipment activations until normal supply channels can be
established. The depth of items provided is fixed for 730 days
unless actual demand exceeds the anticipated usage {15:12-29).

Based on the preceeding information the problem for our
research effort is to develop a dynamic model of the ISSL develop-
ment process, Since the steps applicable to a system dynamics
approach will be employed in the model construction several
research objectives were established and research questlons were
formulated to gulde the research effort, These research questions
and objectives were designed to uncover the structure of the ISSL
development process because uncovering the structure of a system

". . . tells how the parts are related to one another [3:15]."

Applying System Dynamics
Systen dynamics was selected as the approach to study the

ISSL development process because it provides ", . . a way of study-
ing the behavior of industrial systems to show how policies,
decisions, [and] structure . ., . are interrelated . . . [3:vii].*

Another factor which prompted the application of system dynamics

to this research effort was that the central activities of the ISSL

development process are also found in the corporate activities

15




towards which system dynamics is directed, In his book Industrial
Dynamics, Forrester said
+ + . any economic or corporate activity consist of
flows of money, orders, materials, personnel, and capital.
equipment, These five flows are integrated by an informa-
tion network [3:vii], -
Further, system dynamics ", ., . recognizes the critical importance
of this information network in giving the system its own dynamic
characteristics [3:vii]."

In approaching the construction of a model of the ISSL
development process system dynamics was attractive because it
analyzes the real world system to ". . , determine how information
and policy create the character of the organization [3:vii]," and
permits the model to be used as a "management laboratory." The
system dynamics approach requires a series ¢f steps for the success-
ful creation of the management laboratory. Two of the steps
necessary for the successful application of system dynémics are

+ + o first . , . to identify the problems and goals

of the organization. The second 1s to formuwlate a model
that shows the interrelaticnships of the significant factors.
Such a model is a systematin way to express our wealth of
descripvive knowledge. . . [3avii].
By applying system dymamics, the nodel was developed that revealed
the behavlor of the system as determined by the interactions of the
system's variables. Perhaps the greatest benefit of a properly
constructed model is that ", , . proposed changes can te tried
in the model and the best of them used as a gulde to better

management [3:vii].*

16
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The best support for the use of system dynamics is found

in Jay Forrester's book Industrial Dynamics; the reader should note

that industrial dynamics is synonymous with system dynamics., In

Industrial Dynamics Forrester sald:

Industrial dynamics is the study of the information-
feedback characteristics of industrial activity to show
how organizational structure, amplification (in policies),
and time delays (in decisions and actions) interact to
influence the success of the enterprise, It treats the
interactions between the flows of information, money,orders,
materials, personnel, and capital equipment in a company,
an industry, or a natlional economy.

Industrial dynamles provides & single framework for
integrating the functional areas of management--marketing,
production, accounting, research and development, and
capital investment, It is a quantitative and experimental
approach for relating organizational structure and corporate
policy to industrial growth and stability.

Industrial dynamics should provide a basis for the design
of more effective industrial and economic systems [3:13].

The ISSL development process of the Air Force supply system
further lerds itself to a system dynamics approach because it has
all of the characteristics delineated by Forrester. These
characteristics include an organizational structure, policies,
decisions, information flows, money, oxders, material, personnel,
and capital equipment. In addition, the ISSL development process
also inzludes areas which are equivalent to the functional areas
found in private industry which include marketing, productlon,
accounting, research and developument, and capital investment. The

distinct similarities that exists between the ISSL development
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process and the information-feedback structure of private lndustrial
concerns make the system dynamics approach to model comstruction

well suited to our needs.

Research Questions

The research questions that were addressed during this
AFLC requested study were:

A. Can the pertinent dynamic interrelationships that
produce the ISSL be identifled?

B. Can the cause anl effect relationships sf the interact-
ing variables be traced?

C. Can the control process be formulated to describe
how decisions result from available informatlion?

D. Can a mathematical model of the process, information
sources, wud interactions of the ISSL development

process be constructed?

Research Objectives
The following specific research objectives were developed

to gulde this research effort towards the general objective of
constructing a dynamic model of the initial-spares support list
(ISSL) development processs
A, Determine the pertinent dynamic interrelationships .
that produce the ISSL. Identify the pertinent infor-
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B.

C.

E.

mation~feedback structures that exist and how they
interact to produce the range and depth of items
required to provide end item support.

Trace the cause and effect relationship of the inter-
acting variables. By accurately tracing the relation-
ships that exlst between the variables which have been
determined to be pertinent, the central underiying
structure of the ISSL development process will be
revealed.

Formulate the control process to describe how decisions
result from avallable information., The formal as well
as informal control processes which result in the
finalized ISSL must be studied to accurately represent
how the published ISSL is determined.

Construct a8 mathematical model of the process, infor-
mation sources, and interactions of the ISSL develop-
ment process. The construction of & quantitative model
provides a method of insuring that all pertinent vari-
ables have been included and that the constructed model
accurately represents the ISSL development process.
Generate the behavior of the system through time by
operating the mathematical model. Through operation
of the modal the applicabllity of the model to the system

19




SRR R

ity

and its abllity to duplicate the system will be revealed,
For the ISSL development process, adequate end item
support will be provided.

F, Test the internal and external validity of the modsel.

In oxder for the model to be useful it must replicate
the system being studied. For this to be possible all
of the internal and external functioning of model must
duplicate the actual systenm.

In the succeed;ng chapters the model of the inltial spares
support list (ISSL) development process will be descrited in confor-
mance with the research objectives. Chapter II will address the
methodplogy of the research effort and provides an introduction to
system dynamics. Chapter III presents the interrelationships and

the polarity of the relationship between the variables that make up

. the ISSL development process,

The control processes of the system will be formulated, and
& mathematical model constructed in Chapter IV. Model operation
and validation are discussed in Chapter V., Chapter VI presents a
summary of the study, conclusions, and recommendations for further

research.

20




¥

A SR St

Chapter II

METHODOLOGY

Lntroduction

As indicated in Chapter I, system dynamics was employed to
analyze the ISSL development process. Presented in this chapter are
the system dynamics techniques of causal loop diagramming, flow
diagramming, and equation formulation. This is followed by comments
concerning model operation, validation, experimentation, and data
sources, The discussion in this chapter is designed to prepare the
reader for the technical discussion of the model in succeeding chap-

ters. Causal loop diagramming 1s presented first.

Causal-Loop Diagramming

Goodman both deiined and stated the purpose of causal-loop
diagramming. He sald:

System dynamics focusses on the structure and behavior of
systems composed of interacting feedback loops. . . . Causal-
loop diagrams identify the principal feedback loops without
distinguishing between the nature of the interconnecting vari-
ables. . . ., and play two important roles in system dynamics
studies. Fiyst, during model development, they sexve as pra-
liminary sketches of causal hypotheses., Secord, causal-loop
dlagrams can simplify lllustration of a medel., In both
capacities, causal-loop dlagrams allow the analyst to quickly
Ezmmﬁnicate the structural assumptions underlying his model

85'
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A relatively simple example from the ISSL development process model
is presented in Figure 2-i1 to illustrate the major str'uctixral
features of a causal loop diagram. This diagram will be developed
into a system dynamics flow diagram and a series of DYNAMO equations

in later sections of this chapter.

BISSL
¥WISSL
/ \: /

'

BIAR BISSLD

\\FEIB

$E23NOTE BIGSL  -DASE ISSL

CGINOTE B:SSLD -BASE ISSL DiSCREPANCY
GO7SHOTE BIAR  -BASE ISSL ADJUSTMENT RATE
FLE0U0TE NISSL  -WORLDWIDE ISSL

SL25N0TE FEIB ~ -FRACTION OF END ITENS ON BASE

Figure 2-1., Example Causal-Loop

The three major components of the causal loop are its vari-
ables, the relatibnshipé between the varlables, and the polarity of
the loop. The varlables are Forrester's ", ., . factors that appear
to interact to oreate the observed symptoms [3:13]." In the example,
thaey are the Base 1ISSL, the Base ISSL Adjustment Rate, the Base ISSL
Discrepancy, the Worldwide ISSL, aund the Fraction of End Items on
Base, |

The ralationship between & pair of variables ie indicated
by an arvow. The directional influence of the relatlonship is
indicated by the direstion of the arrowhead (%:16-7). Referring to
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the example, the Worldwide ISSL influences the Base ISSL Discrepancy,
the Base ISSL Discrepancy influences the Base ISSL Adjustment Rate,
and so on, The sign of the arrow indicates the type of influence,
A critical assumption in determining the sign of a pairwise causal
relationshlip is that all factors are held constant except for the
variables in the relationship under consideration (4: 8)., For
oxample, when considering the relationship between the Worldwide
ISSL 2nd the Base ISSL Discrepancy, the Fraction of End Ttems on
Base, the Base ISSL Adjustment Rate, and the Base ISSL are all
considered tc be constants., If the sign of the relationship is
rositive, then ", , . a change in one varlable generates a change
in the same directlon in the second variable relative to its prior
value , . . (#: 7]." In the example, an increase in the Worldwide
ISSL vesults in an increase in the Base ISSL Discrepancy; similarly,
a decrease in the Worldwlide ISSI, results in a decrease in the Bass
ISSL Discrepancy.

If the sign of the arrow is negative, ". . . & change in
one variable produces a change in the opposite direction in the
second variable [4: 7], For example, as the Base ISSL increases,
the Base ISSL Discrepancy decreases; conversely, as the Base IS3L
decreases, the Base ISSL Discrepancy inoreases,

The polarity of the overall causal-loop is indicated by the +
or - sign in paronthesis within ¢the loop., If the polarity of the

loop is positive, ". . . & change in one vlement. . . causes further




change in the same direction in an unending process [W:267."
If the polarity of the loop is negative, the loop is goal seeking
(%:9); that is, there is a feedback mechanism present which
+ + « tends to keep a given system at equilibrium.
In the most simple system, a single rate based on discre-
pancles between the desired goal and level drives the system
to its goal value. Inflow or outflow rates readjust until
the level reaches the desired value [43151].
This is the case in the example. Thse polarity of the loop is
negative; therefore, any influence that generates a Base ISSL
Discrepancy will be countered oy an adjusted Base ISSL Adjustment
Rate until the desired Base ISSL level is reestablished.
After ths entire ISSL development process was described
to the point where the important variables and interrelatlonships
were ldentifisd in a ciuusal-loop diagram, system flow diasgrams

wore developed.

Flow Dlagramming

Flow diagrapmiug is an intermediate step in developing
a system dynumics model. Goodman stated that detailed flow
diagrams nust be constructed before siumulation analysis can
proceed from the causal-loop stage (#:12), Forrester stated that

« + o« 8 pletoral representation of an equition system is
highly desirable, A& dlagranm that displays the interrelation-
ahips betwesn equations helps to lend clarity to the systen
for...lation. . . . A properly constructed flow diagran is
better than a sot of eguations for communicating the structure
of a system to many piacticing managers, A diagrem represents
an interuzsdiate transition between verbal description and a
set of equations [31 81).




The standard symbols used in flow diagramming are illustrat-
ed in Flgure 2-2 and briefly discussed below., An auxiliary variable
represents a concept in the informstion flow channel that has an
independent meaning. Tt can be algebraically substituted into a
rata equation. A constant is a numerical value that does not
change for the duration of the computation of & single model run.

A decislon function (rate) can be thought of as a "valve" that
determines the rate of flow in a flow chamnel. A delay i= a com-
bination ¢f i(evels and decislon functions that modify the time
relatlopsiipys between the input fleow which is given and the result-
ing output flow which is generated by the delay. 4 flow of infor-
mation represents the passage of information within the systen.

A flow of resources is the passage of pecple, money, or materials
into or out of the levels within the system. An information
takeoif is the origin of an information flow. A levél is the
aggregation of resources within the system; Ji is analogous to
inventory ia a supply system. A source or 2 sink is an origin

or destication of resources which lies outside of the boundaries
of the modei,

A systen dynarmics model is primarily concerned with levels
and flow rates, Forrester said:

A basic structure of alternating levels and flow rates

Seews to represent the nature of industrial management
systems. The levels determine the decisions tha* control

flow rates. The flow rates cause changes in the levels,
These levels and rates make up six interconnected networks
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Figure 2-2, Flow Disgram Symbology (3:82-84)




that constitute industrial activity., Flve of these represent
materials, orders, money, capital equipment, and personnel,

; The sixth, the information network, is the connecting: tissue
: that interrelates the other five [3: 67].

The flow dlagram corresponding to the example causal-loop
y diagram in Figure 2-1 is presented in Figure 243.

Wt J  BISst
i. BIAR /
¥
; BISSLD
WISSL FEIB

; FR2SNOTE BISSL  -BASE ISSL

: H3N0TE BISSLD -BASE ISSL DiSCREPANCY

: ‘ $ET3NOTE BIAR  -BASE 1SSL ADJUSTNENT RATE

: PLEGNOTE WISSL  -NORLOWYDE ISSL

$123N)TE FEIB  -FRACTION OF ERD ITENS ON BASE

j FMgure 2-3. Example Flow Diagran

The primary flow in this diagram is the flow of informetion
concexrning the level of the Base ISSL, This flow is represented
in the diagram as origlnating a% a source/sink and moving through
a two-way "valve" (Base ISSL Adjustment Rate) into the level
“Base ISSL". The valve is controllied by the Base ISSI Discrepancy

which, in turn, is a function of other factors that are determined




by management decisions. According to Figure 2-3 the Base ISSL
Adjustment Rate 1s controlled by an information feedback loop
which compares the actual Base ISSL level with the desired Base
ISSL level (i.e., the Worldwide ISSL times the Fraction of End
Items on Base) to determine if a discreﬁancy exists, If a dis-
crepancy does exist, the Base ISSL Adjustment Rate is adjusted

to correct the discrepancy. From this flow diagram it is possible
to construct the mathematical equations that are required to run

the model on the computer,

Fquation Formulation

The computer language that 1s used to implement a system
dynamics model is called DYNAMO (10:1). This section discusses
the format of the squations used by the DYNAMC program and illu-
strates the correlation betwean a flow diagram and its DYNAMO
equations, The equations that correspond to the example flow
diagram of FMgure 2-3 are presented in the text as they are dis-
cussed .

Forrester stated that

The equations tsll how to generate the system conditions

for & new point in time, glven the conditions known from the
previous point in time. The equations of the model are evalu-
ated repeatedly to generate a sequence of stops equally spaced
in time., Level equations and rate equations generate the
levels and rates of the basic model structure. In addition,

auxillary, supplementary, and initial-value equations are
used [3: 73].




Before the five classes of DYNAMO equations listed by Forrester
can be discussed, it is necessary to explain the time sequence
that the DYNAMO program uses as a basis for its computations.
DYNAMO deals with only three times: the present time
(X), the time that is one time-unit (DT) in the past (J), and
the time that is one time-unit in the future (L). The time-unit,
DT, is a constant that is determined by the analyst. Since the
program deils with only three pointé in time (J,K,1), each
separated vy the time period IT, there are only two time periods
in the model: JK and KL, each of which is DT long. When the
rrogram is run, the computer calculates all levels at time K and
all rates for the time interval KL. The computer then "indexes"
time one step into the future (3s 74-75).
The K levels just calculated are relabeled as J levels.
The XKL rates become JK rates. Time K, "the present,” is
thus advanced by one interval of time of DT lemgth. The
entire computation sequence can then be repeated to obtain
& new state of the system at a time that is one DT later
than the previous state [3: ?5].
This concenpt is illustrated graphically in Mgure 2-4 and is the
basis for the formulation of the five classes of DYNAMO equations.
Level (L) equations define . . . the varylng contents of
the reservoirs (stocks, inventories, balances) of the system
[3s 7€]". Levels would exist even if the system were brought to
rast and no flows existed. Level equations are independent of

each other and depend only on informetion before time K (3s 76).
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J K L (Indexing at Time = tl) TIME
J X L (Indexing at Time = t2)
J K L (Indexing at Time = t3)

Mgure 2-4, DYNAMO Time Flow

An example of a level equation from Figure 2-3 is: .

BISSL. K = BISSL. J + (DT)(BIAR.JK)
This equation states that the present value of the Base ISSL at
time K equals the previous value of the Base ISSL conputed at time
J plus the value of the Base ISSL Adjustment Rate during the last
time interval JK times the length of the time interval JK; i.e., IT.
Rate (R) eguations define the rate of flow between the levels
of the system. They are dwcision functions of the systen and are

evaluated from the presently existing values in the levels in the
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system (3:77). An example of a rate equation from Figure 2-3 is
BIAR.KL = BISSLD.K, This equation states that the Base ISSL

Ad justment Rate for the time period KL will equal the Base ISSL
Discrspancy calculated at time X.

Auxiliary (A) equations are subdivisions of rate equations
that permit keeping rate equations simple and in ¢los: correspondence
with the flow diagram. Ekamples of auxiliary equations and their
corresponding rate equation from another portion of the ISSL develop-

ment model are:

A WIARF1 X = mmx%wmmﬁwmm/m
A WIARF2.K = (WID2.K)(WIF2.K)(WTF3.K)/DT
R WIAR.KL = (WIARF1.K + WIARF2.K

Note that all three equations are composed of relatively simple
mathematical terms which can be easily related to the structure of
a flow dlagram, If the three equations are combined into a single
rate equation, the expression on the right side of the equation

beCcomes unnecessarily complex:

R WIAR.KL = (WTF3.K){WID1.K)(WTF1.K) + (WIL2.K)(WIF2.K))
m

Supplementary (S) equations may be used to define variablas
which are not a part of the structure but which are of interest to
the researcher (3:79). They arc not used in the ISSL model.

Initial-value (N) equations are used to define the initial
values of all leveis, and some rates, that must be given before the
firat cycle of computations can begin (3:179). BISSL = BISSLI
is an initlal value equation which states that Base ISSL equals the

initlal Base ISSL.
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The five classes of equations discussed in this section are
the basic elements of a system dynamics model which can be run on
the computer with the DYNAMO simulation languege. Forrester issusd
a word of caution concerning the DYNAMO equations. He stated that
« + » these equations are not "right" in any intrinsic -
or mathematical way. They merely describe what we have chosen
as the most significant relationshlps. The squations are akin
to a verbal description of the situation. They are wrong to .
the extent that we wrongly interpret the organization which is
being described [3-1417.
The "rightness" of the equations will influence the remaining steps
of the system dyramics modelling process. These steps are discussed

in the next section.

Model Operation, Validation, and Experimentation

Once the three processes of causal-loop diagramming, flow
dlagramming, and equation formulation were compleied for the ISSL
development process, the following three steps iu the application
of system dynamics wexe accomplished: |

*Generate the behavior through time 21 the system as
described by the model [1a this zass using the DYNAMO

computer program].

. L) s

*Compare results against . . . pextinent available
inowledge about the actual systen, .

*Revised the model watil it is acceptable as a representa-
tion of the actual system [3:13].

Model bullding is an experimeatal prvcess. Once the basic
zodel was developed, sirulations on the conputer were made. The
bshavior of the model .as coampared with expected behavior and with
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the behavior of the actual system. If differences existed, changes
in the flow dlagrams, the equations, or both were made, and the
simulation was reaccomplished, This process was repeated until

the behavior of the model closely resembled the behavior of the real
world ISSL development process. In this way the internal validity
of the model was confirmed. The model was developed to the point
where it now can be used as a management laboratory in which the
analyst can experiment, It cannot predict the specific state of
the system at a given point in the future, but it can show the
effects of a change in policy or suructure on the general behavior
of the system. The ultimate goal of the analyst, and the purpose
of the model, is to show the manager of the system how to improve
the organization's policies and structure (3:130-133).

Data Sources

Data necessary for the construction of the causal loop
diagrams, flow disgrams, and DYNAMO equatlons were obtained from
AFIC Headquarters personnel through personal interviews and from
various DOD, USAF, and AFIC publications. These sources represent
the ISSL polioy makers and the directives which implement their
policy. Specific numerical data were obtained from actual AFLC
forma where thay were avallable; where actual data was not avalilable,
nunbers were intultively developed to enable the model to operate,
Reference to specific data sources are made throughout the following

3




chapters., Statistical techniques were not required in the
development of the model.

This completes the discussion of the research methodology.
Chapter III identifies the variables in the ISSL development
Process and discusses the cause and effect relationships among

these variables,




Chapter III
CAUSE AND EFFECT RELATIONSHIPS

Introduction

As indicated in Chapter II, the identification of the
important variables and their interrslationships begins with a
causal-loop diagram of the system under study. This chapter identi-
fies the cause and effect relationships that exist between the vari-
ables that interact to form the initial spares support list (ISSL)
development process. Geodman stated the purpsse of the causal-loop
dlagram when he said, ". . . causal-loop diagrams allow the analyst
to quickly communicate the structual assumptions underlying his
model (4:5]."

The causal-loop diagram describes the feedback mechanisms
that exist between the variables which maeke up the system, In oxder
to construct a causal-loop ". . ., we must flrst establish the pair-
wise relationships of relevant variables [4:5-6]." After the pair-
wise relationships ars established the variables are then ", . .
linked together to form the feedback loops of the system. . .
(4:11-12].% This process 1s repeated until all the relevant vari-
ables and relationships have been identified and linked together to
forn the causal-loop dlagrem of the system under study.
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To facilitate the construction of the causal-loop diagram
of ISSL development, the process was dlvided into sectors so that
the interacting variables could be more readily ldentified, Through
the use of sectors functions and control processes were grouped into
homogeneous areas which made the determination of variable inter- -
action somewhat easier to follow. The sectors that were identi-
fied and pursued during the research effort were the initial spares
support 1list (ISSL) Development, Base Iaven:ovy, Depot Inventory,
and Consumptlon Sectors. These sectors are interdependent, aund
their interdependence results in the I3SL development prucess.

The remainder of this chapter describes each of the indivi-
dual sectors as they were conceptualized., BEach of the ssctor des-
eriptions ;ncludes its causal-loop diagram, an explanation of the
palrwise relationships that exists between the wariables in that
sector, and a discussion of the logle that was used in designirg
each sector. As the reader progresses turough thls chapter, the
interrelationships of the variables within a given sector and the

interrelationship detwsen the sectors should bvecome evident,

Irdtial Computation Parameders

Selection of items for inclusion on the lnitial sparss
support list (ISSL) is *. . . accomplished by the ALC [Alr loglstics

£Q _'-"gk-uuw.w_; r-.iﬁn,-l-}i«.'?‘

Center] having support respeuaibility for the weayon system or end
article of equipment {(15:12-30].% It is during the initial provision-
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ing conference that the technical equipment specialist, item manager,
system manager, contractor, and using command representatives mset
to discuss the range and depth of items to be included on the ISSL.
However, it 1s the tecanical equipment specialist who has ". . .
final responsibility for determining the range of items selected
for an ISSL [15:12-30]," becausa he ", . . holds a key role in
developing and maintaining logistics support for Alr Force sysiems
and equipment [14:1]." The equipment specialist's responsibilities
commerce “, . ., during the concsptual rhase of system or equipument
development znd contluues until the system or eguipmert is removed
from the inventory [1u:1]."

Among the important functious performed by the equipment
speclalist are the determination of the reparability of items, the
assignment of source, maintenanca, and recoverabiliiy sodes, ard
the ooiablishment of factors to be used flor the meintenance and
overhaul of Alr Force spare aud repair parts. With the amaintenance
and overhaul factors the equipment spacialist is projeciing the
initial maintenance requirements. These factors are impoxrtant
because thay ". . . establish the base line for initial requirements
computation [14:6]." The equipment specialist must acourately assign
the maintenance and overhaul factors because:

The sccuracy of these factors is reflected in excess oy

shortages during the initial operational and maintenance support
pericds. In effect, the maintenance and overhaul factors pre-

dicate the total quantitative procurement, asset distributicn,
dollars spent for spares and repalr parts support, . . [1416],
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With the computation parameters set by the equipment specialist the
initial requirements computations can begin with the rates and
factors furnished to AFLC/LOR on the Programming Checklist.

ISSL Development Sector

The causal-loop dlagram of the inital spares support list

(ISSL) development sector is presented as Figure 3-1.

AN

Base ISSL/FOSSL

Number of End IteM A W End Item Use Rate

on Base
Worlawide ISSL/FOSSL
Inputs Wrom Other W< Denand Rate
Bases _/
Initial Wouldwide ISSL
Oxder and Ship/ Repsir Cycle
Time Requiremsnt Requirement
~——-Gondemnation !?e::«::enfc./‘v Base Repalr
Base Order and Cycle
Ship Time N
. Peak Total Monih
SFLeld Issues/
Total Demand Hate f\b ' Depot Replacepment
Nainten nce Fa.ctor\ J sPexcent
¥
Peax Total MNonth Demand Peak Total Month Demand
Rate Issues Overhgul Tssuas

 Total Quantity Insth
Per End Item
teak Month Prugran

Flgure 3-1. 1551 Development Sec’or l(ausal-loop ,




The input variables to this sector are the initial computation
paraneters furnished to the Directorate of Materlel Requirements

in Headquarters, Alr Force Logistics command (AFLC/LOR) by the
squipment specialist on the Programming Checklist (14:6-11).

Using these paxameters the initial requirements for the sconomic
order quantity items ". . . which have been ildentifiud as logical
spares and/or repair parts during initial provisioning. . . [12:2-1]f
~an be determined, AFLC Form 997, EOQ Initial Provisioning Work-
sheet, is normally ". . . used to manually determine initlial EOQ
spares/repair parts requirvements for centrally procured items coded
for Alr Force mansgement . . . [12:2-1]." The variables which
form this sector were derived from the computation worksheet.,

In Fgure 3-2 are shown the relationships that exist between
the Peak Month Program (projected monthly demand), Total Quantity
Installed per End Item, and Total Demand Rate Maintenance Factor
parameters fyom the Programming Check List on the Peak Total Month
Demand Rate Issues (projected repalr requirements) variable on the
provisioning worksheet, The positive polarity of the Peak Month
Program, Total Quantity Installed per End Item, and on the Total
Derzand Rate Naintenance Mactor parameters indicate that as sither

one of these parameters increase there will also be an increase in

the Peak Total Month Demand Rate Issues variables,




Total Demand Rate
Maintenunce Factor

+
Peak Total Month
Demand Rate Issues

/' + + .
Peak Month Program Total Quantity Installed
- Dper End Item

Figure 3-2. Peak Total Month Demand Rate Issues Causal-Loop
Figure 3-3 shows the relationship and polarity that exists

betwesn the same Peak Month Program and Total Quantiiy Installed per
End Item parameters, and the Depot Replacemen. Percent parameter
which is ", ., . developed from the overhaul replacement factor or the
provisioning document [12:2-27," with the Feak Total Month Demand
Overhaul Issues (projected depot level issues for repairs)., As
indicated in the causal-loop diagram for this portion of the sector
all three of the parameters have a positive effect on the computation
of the requirsment variable which means that as the parameters in-

crease so will the calculated variable value (12:2-2,3).

Depot Replacement

Percent
A
Peak Total Montnh Demand Cverhaul
Issues
”////)1+- +
Peak Month Program Total Quantity Installed

pexr End Item

Flgure 3-3., Peak Total Month Demand Overhaul Issues Causal-Loop
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The calculated values for the Peak Total Month Demand Rate
~ } Issues and Peak Total Month Demand Overhaul Issues have an impact
3 4 on the provisioning werksheet ~alue for the variable Peak Total
Month Field Issues (projected base level issues for repairs).

The interrelstionship of the calculated variables is indicated in
Figure 3-4. As the Peak Total Month Demand Rate Issues increase

so will the Peak Total Month Field Issues; however, as the Peak

g Total Month Demand Overhaul Issues increase there is a decrease
3
. in the Peak Tctal Month Field Issues (12:2-3).

Peakz Total Month
Meld Issues

g % + -
, % Peak Total Month Peak Total Month

Demand Rate Issues Demand Qverhaul
” ; Issues

Flgure 3-4. Peak Total Month Field Issuss Causal~Loop

The Peak Total Month Fleld Issues interacts with standard
support times used for Base Order and Ship Time, Base Repair Cycle,
and Condemnation Percent to determine the Orxder and Ship Time Require-
ment and the Repalr Cycle Requirement, Since ", . . inltial spares
procurement will be limlted to new iltens [12:1-1]." standaxd support

times are used because ., ., . no actus) data is available [12:2-1]."

The Order and Shiy Time Requiremsnt causal-loop is presented

as Mgure 3-5. BEach of the varlables involved, Peak Total Month
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Fleld Issues, Base Order and Ship Time, and Condemnation Percent,
have a positive effect on the Order and Ship Time Requirement.
The result of these positlve effects is that as either of veriatbles

increase so will the Order and Ship Time Reguirement.

Base Order and

Ship Time
+
Order and Ship Time
Requirement
+ +
Peak Total ﬁonﬁg/// Condemnation

Field Issues Percent

Figure 3-5. Oxrder and Ship Time Requirement Causal-Loop

Figure 3-6 deplcts the interrelationships that exist to
form the Repalr Oycle Requirsment. In this instance the Peak Total
Month Fleld Issues and the standard value for the Base Repalr Cycle
have a positive effect on the Repalr Cycle Requirement. There-
fore, as these varlables lncrease so will the Repair Cycle Require-
ment increase. However, the Condemnation Percent has a negative
effect which means that as the Condemnation Percent increases the
Repair Cycle Requirement will decrease. The Condemnation Percent
for BOQ items ", . . will always equal 1.00 [12:2-27];" thus, the

Repalr Cycle requirement is zero for EOQ items. This will be .

explained further in Chapter IV,




AT e

Base Repair
Cycls

+
Repair Cycle
Requirsment

+ -
Peak Total Montg/,///}‘ ‘K\\\\\\S?ndemnation
Meld Issues Percent

Figure 3-6. Repair Cycle Requirement Causal-Loop.

The Order and Ship Time Requirement and Repair Cycle Require-
ment interact as shown in Figure 3-7 on the Initial Worldwide ISSL.
Both of the calculated variables have & positive effect on ths ISSL.
As the Order and Ship Time Requirement or Repair Cycle Requirement

increases the Initial Worldwide ISSL will also increass,.

Initial Worldwide
ISSL

+
+
Oxrder and Ship /,///}’ ‘K\\\\\\\?epair Cycle
Time Requirement’ Requirement

Flgure 3-7., Initial Worldwids ISSL Causal~Loop.

In oxder to show the effects of adjustments made to the
initial ISSL quantities as the system progresses through time, a
new variable called Worldwide ISSL was introduced. The Worldwide
ISSL variable differs from the Initial Worldwlde ISSL because it
takes into consideration the experience gained at those bases that

have used the initial ISSL quantities in support of the weapon
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! system/equipment activation. In addition, the worksheets with the

original computations ", . . must be available for HQ AFLC review

during regularly scheduled materiel management reviews [12:2-1]."

The interactions of the variables that have an impact on Worldwide

ISSL are shown in Mgure 3-8. It should be noted that if the ISSL .
is still in its initial stages of deployment and actual experiences
are limited the Initial Worldwide ISSL and the Worldwide ISSL are
the sane.

Initial Worldwide
1SSL

v,

Worldwide ISSL

+ +
Inputs from Other
Bases Demand Rate

Flgure 3-8, Worldwlde ISSL Causal-Loop

As shown in Mgure 3-8, as the Inputs From Other Bases goes
up theré will be an increase in the Worldwlde ISSL. Similarly, as
the Deomand Rate experienced from sctual usage of the ISSL goes up
there will again he an increase in the Worldwide ISSL. As the

Initial Worldwide ISSL govs up, so too will the Worldwide ISSL

because they are essentially the same, differeing only in time; i.e., .
the Initial Worldwide ISSL initializes the Worldwide ISSL to a given

value, after which time the Worldwide ISSL becomss a function of

actual consumption data,




Worldwide ISSL

+
Base ISSL

+
+
Number of End Items End Item Use
on Bass . Rate

Figure 3-9. Base ISSL Causal-Loop
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The Base ISSL causal-loop diagram, Figure 3-9, is the final
portion of the ISSL development sector. As the Worldwide ISSL
increases the Base ISSL will also increase., Further, either the
Number of End Items On Base or the Base End Item Use Rate will have
a positive effect on the Base ISSL. This is true because as the
numbex of end ltems increase or the more the end item is used, the
/ greater the amount of spare/replacement parts will be required to
1 support the end item (11).

Thus, the ISSL Development Sector is composed of several
intexrdependent causal-loops which interact to produce the quantity
of items required to provide the pwojected end item support. The
description of Base ISSL causal-loop provides a point to begin the

description of the Base Inventory Sector.

Base Inventory Sector

Lk

The Base initial spares support list (ISSL) is the connecting
link between the ISSL Developmernt Sector and the Base Inventory

Sector as shown in Filgure 3-10. The reader should note vhat the
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Unit Price

Stockage Objsctive
\ / Money Available
Base Economic Order for Procurement
Quantity /

Base Procurement

Rate
/ pot Inventory
Base Reorder
Point
Safety Level Order and Sbip Base Inventory
Quantity Time Quantity (Actual)
l
Base Inventory
(Established)
\'\ Other Base
Requirements
Parts Use Rate
\ (Actual)

Base Issx,/mssx,,

‘dorldwide /
ISSL

"

Cumulative Recurring

Demand
Dema.r.d Ra.t.e /
(Bstablished)

Base Inventory Sector Causal-Loop

Fgure 3-10.




Demand Rate element is not only in the ISSL development but also in
the Base Inventory Sector as well. The Demand Rate is used to
calculate the Safety Level Guantity, the Order and Ship Time
Quantity and the Economlc Order Quantity in this Sector.

Figure 3-11 shows that as the Demand Rate goes up the Safety
Level Quantity also increases, Similarly, as the Demand Rate increas-
es, the Order and Ship Time Quantity also increase. It should be
noted that a Safety Level Quantity is utilized only if the calculated
safety level is greater than the demand rate multiplied by fifteen;
otherwise, the Safety Level Quantity is equal to the demand rate
multiplied by fifteen (17:11-13).

Safety Level Oxrdsr ard Ship
Quantity Time Quantity
+ +
Demand Rate

Mgure 3-11, Safety Level Quantity and Orxder and Ship Time
Quantity Causal-Loop
Aftor calculating the Safety Level Quantity and the Order
ard Ship Time Quantity, the Base Reorder Point can be devermined.
The causal-loop diagram for the Base Reorder Point, Figure 3-12,
reveals that the Safety Lovel Quantity and the Order and Ship Time
Quantity each have a positive effect on the Base Reorxder Point such
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that as elther one goes up so too will the Base Reorder Point. In
addition to these two variables, the Base ISSL also has a posilive
effect on the Base Reorder Point which means that as the Base

ISSL quantity increases the Base Reorder Point will also go up.

The Base Inventory level established by the Base ISSL
recelves a positive impact from not only the Base ISSL but also
from Other Base Requirements as well (Figure 3-12), The established
Base Inventory has an impact on the Base Reorder Point in providing
a timing factor, as the reorder point used by the base is ". . . 1/3
the minimum level quantity (ISSL) or normal reorder point whichever
is greater [17:11-53]." The ISSL represents the minimum level of
a given item that must be on hand or on order, or a combination of
the two, in oxder to provide adequate system support as determined
by the equipment speclialist (6,8,11).

Safety Level Ordexr and Ship

Quantity Time Quantity
\\* /
+

Base Reorder Point

A
\
\
Base Inventory
/+ +

Base ISSL Other Base

Requirements

Figure 3-12. Base Reoxder Point Causal-loop




The Demand Rate variable also interacts with the Variable
Stockage Objective and Unit Price in the Base Economic Order
Quantity causal-loop (Figure 3-13). As the Demand Rate in-
creases, the Base Economic Order anntity also increases which
indicates a positive effect. The Variable Stockage Objective,
which represents the number of days items should he stocked to
cover, also has a positive effect on the Base Economic Order
Quantity (17:11-6). The Base Economic Order Quantity receives a
negative effect from the Unit Price because as the Unlit Price in-

creases the Base Economic Order Quantity will have a corresponding

decreass.
Demand Rate
¢
Base Economic Order
Quantity
i +
Variable Stockay' \Unit Price
Objective

FMgure 3-13. Base Economic Order Quantity Causal-Loop

Aside from the Demand Rate, the Base Reorder Polnt also
plays an lmportant roie in the Base Inventory Sector. ‘(he Base
Reorder Point is an important factor in the Base Frocuvement Rate
causal-loop, and the actual Base Inventory causal-loop diagrams,

The Base Procurement Rate receives positive ianputs from the
Base Reorder Point, Base Economic Order Quantity, and from the Money
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Available for Procurement (Figure 3-1%). As any one of these vari-
ables increases the Base Procurement Rate will alsv increase. The
point should be made that while a variable for Money Available for
Procurement was included in the Base Procurement Rate it was done so
only as & matter of completeness. The Money Available for Procure-
ment variable represents an exogenous system to the ISSL develop-
ment process and was not thoroughly researched. The inventory
specialists interviewed indlcated that once a requirement for addi-
tional operating and maintenance funds were made known to the Base
Financial Activity, funds were made available to purchase the re-
quired items (6,8,11).

Base Reorder Point

+
t oo e () R
Base Procurement Rate Depot Inventory

+ -
Base Economic ’/,//;‘ 't\\\\\\\yoney Available
Order Quantity for Procurement

Figure 3-14. Base Procuremeut Rate Causal-Loop

Also depicted in Mgure 3-1l is the positive effect of the
Depot Inventory on the Base Procurement Rate whille the Base Procure-
ment Rate has a negative impact on the Depot Inventory. The reason
for this dichotomy should be intuitive in that as the Depot Inventory

hag the required items, the Base is able to procure them vhich, in




turn, reduces the Depot Inventory. Ancther variable which has a

dual impact on the Base Frocurement Rate is the actual Base Inventory
(Figure 3-15).

Base Reorder Point

<+

. r : ///,,—Base Inventory
A - A+ -"\H +

: Base Procurement Parts Use Rate
-3 Rate

Flgure 3-15. Base Inventory Causal-Loop

As the actual Base Inventory increases the Base Procurement
Rate will decrease; conversely, as the Base Procurement Rate
increases the actual Base Inventory will also increass. Alsc shown
in Figure 3-15 is the positive effect of the Base Reorder Point on
actual Base Inventery. This indicates that as the Base Reorder
Point goes up, the actual Base Inventory will also increase.

Before qompleting a description of this sector a discussion
a of how the Base Iaventory Sector is interdependent on the Consumption
Sector and how it provides a means of updating other Base ISSLs is
warranted. The Parts Use Rate Variable connects the Base Inventory
Sector directly to the Consumption Sector as will be discussed later
| in this chapter, and indirectly connects the Base Inventory Sector
o ,i; with the Worldwide ISSL through the Demand Rate.

As indicated in Figure 3-15, the Base Inventory has a positive
impact on the actusl Paxts Use Rate which in turn has a negative
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impact on the actual Base Inventory. This means that as the astual
Base Inventory increases the actual Parts Use Rate can also increase;
on the other hand as the Parts Use Rate increases the Base Inventory
decreases,

Figure 3-16 shows that as the Parts Use Rate goes up the
Cumulative Recurring Demand also goes up. The Cumulative Recurring
Demand represents the accumulated total of parts used over a given
period of time. Also shown by Figure 3-16 is that as the Cumulative
Recurring Demand increases the Demand Rate wlll alsc increase due to

the positive impact of Cumulative Recurring Demand on the established -

Demand kate,
Base ISSL Base Inventory
~ -
~ rd
q K
Demand Rate
+

Cumulative Recurring
Demand

d? +
Parts Use Rate
Figure 3-16. Demand Rate Causal-loop

If the Demand Rate changes by a significant amount the Base
ISSL and the established Base Inventory level must be considersd in
determining if a change in quantity 1s warranted. However, ", . . de-

wand levels will be changed only when the amount of chinge squals or

exceeds the square root of the existing level [17:11-47].*
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Depot Economic Order Depot Recrder Point
Quartity .(////”f'

DOPOt Procurement Base PT;::rement
e
Rate ‘$~\\\\\ )
(

Depot Inventory
Money Available
for Procurement

Flgure 3-17. Depot Inventory Sector Causal-loop

Depot Inventory Sector

The Depot Inventory causal-loop diagram (Figure 3-17) is
interdependent with the Base Inventory Sector through the Base Pro-
curegent Rate as discussed in the Bass Inventory Sector description.
As wés the case with the Base Inventory, the Depot Inventory has a
negative effect ¢n the Depot Procuvement Rate which in turn has a
positive impact on Depot Inventory. As in the similar case, this
means that as the Depot Inventory goes up the Dapot Procurement Rate
goes down; conversely, as the Depot Procurement Rate increases the
Depo. Inventery also inoreases.

Figure 3-17 also chows that the Depot Procurement Hate is
positively correlated to the Depot Fconoalc Order Quantity, Depot
Reoxder Foint, and Money Available for Procurement. However, since
the depot inventory system ls exogenous to the “nitial siares support
list (ISSL) development process it was not thoroughly vesearshed;

research was conducted only to the extent to determine tho effects
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Figure 3-18. Conisumption Sector Causal-Loop




of the Depot Inventory System on the Base inventery systemn.

Thus, only the essential variables have been included.

Consumption Sector

The causal-loop diagram of the Consumption Sector is

presented as Figure 3-18. One of the key elements of this sector

is the Parts Use Rate. The Parts Use Rate varlable re@resents the
withdrawal of spare/replacement items from the Base inventory. The
rate which the parts are removed is affected by the number of Not
Ready End Items, the Quantity of item Installed per End Item, the
Repair Capability, and Other Base Requirements for the items, if any
exist. Figure 3-19 shows the relationship that exists between these

variables and the Parts Use Rate.

Other Base Repalr
Requirements Capability

R

Parts Use Rate +) FEnd Item Repair
+'\_/ Rate
+ +

Not Ready Quentity Installed
End Items por End Iten

Magure 3-19, Parts Use Rate Causal-Loop

As indicated by the assigned ypolarity symbols, each of the
variables have a positive impact on the Parts Use Rate such that as
elther of the varlables increase there will also ve a corresponding

increase in the Parts Use Rate. Note alsc that the End Item Repair
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Rate has a positive impact on the Parts Use Rate which in turn has
& positive impact on the End Item Repair Rate. This means that as
glther the End Item Repair Rate or the Parts Use Rate increases
there will be an increase in the other variable.

The End Item Repair Rate is also a factor that affects the
number ¢f Ready End Items on the Base to carry out ths assigned
mission (Figure 3-20). As the End Item Repair Rate goes up the
number of Ready End Items will also increase, Conversely, it is
intuitive tha’ as the Ready Erd Items increase the End Item Repair

Rats will go down because there are fewer Not Ready knd Items.

Desired Ready
Rate
/—‘\ ¢ -

End Item -) Ready End Items Number of End
Repair Ra.te\_/ l Items on Base
Not Ready
End Items

Figure 3-20, Ready End Items Causal-Loop

The coancept of fewer Not Ready End Items is also illustrated in
Flgure 3-20 by the negative polarity given to the relationship that
exdsts between the Ready End Items and Not Ready End Items.

Figure 3-20 also shows that the number of Ready End Items is
also affected by the Desired Ready Rate and the Number of End Items
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on Base, Both of these varlables have a positive affect on the number
of Ready End Items, The Desired Ready Rate is affected by two vari-

ables (Figure 3-21).

Desired Ready Rate

+
8 \
Command Directives—”////" Wing Commander's Desires

Figure 3-21. Desired Ready Rate Causal-Loop

Command Directives and the Wing Commanders Desires have a
positive impact on the Desired Ready Rate. As elthsr one goes up
the Desired Ready Rate will also increase. Command Directives
represent the percentage of assigned end items which musf be ready to
meet the assigned Base wission, the Command Directives are often~
times augmented by the Wing Commander Desires to meet unforeseen
emergencies or contingency operatlons.

Ready End Items is affected by and has an impact on the End
Item Failure Rate (Figure 3-22). The number of Ready End Items has
a positive relationship with End Item Failure Rate in that as the
number of Ready End items increases more failures are expected.

On the other side of the coin, as the End Item Failure Rate goes up
the number of Ready End Items will decrease., The relationship that
exists between the Number of Failures and End Item Failure Rate is
also shown in Mgure 3-22, As the Number of Failures increase there

is also an increase in the End Item Fallure Rate.
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Ernd Item Fallure
Rate

- - +
Ready End Jtems Number of Failures

Figure 3-22, End Item Fallure Rate Causal-Loop

The final varlable conceptualized as being in the Consumption

Sector is the Numbe% of Failures. The three variables that interact
and affect the Number of Fallures are shown in Figure 3-23. A}l

three of the variables, Mean Time Between Fallure, Operating Environ-
ment, and M;ssion Profiles, have negative affects on the Number of
Fallures. This means that as the Mean Time Between Fallure lncreases,
or the Operating Environment'goes up in terms of being better for
end item operation, or the Mission Profile, which 1s how the item
is used, goes up or improves the Number of Failures will decrease.
Number of Failures pertains to not only end item failure but to com-
ponent fallure which takes the end item out of mission ready status.,

Mean Time Between
Fallure

v-

Numbexr of Fallures
Operating Environment / \Iﬁ.ssion Profiles

Figure 3-23. Number of Failures Causal-Loop

The four sector causal-loop diagrams can be combined to form

a single causal-loop diagram of the initial spares support list (ISSL)
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development process, and the interaction of the component varisbles
would not change., While the causal-loop diagrams are useful during
the conceptualization of a system because ". . . they helr identify
and organize principal components and feedbuck loops of the system
under study [%4:11]." However, flow diagrams are sssential in
". . . model construction and equation writing [4:11]," because the
causal-loop diagrams ", . , lack the precision and detail of the
rate, level, and auxiliary elements found in flow diagramy [%:117."
The causal-lcop diagrams discussed in this chapter formed
the basis upon which the flow diagrams of the ISSL develcpment
Process were devised, The flow diagrams and the mathematical
equations of the dynamic I3SL developmenf Process model are the

subjects of the next chapter.
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Chapter IV
FLOW DIAGRAMS AND DYNAMO EQUATIONS

Introduction

In this chapter the causal loop diagrams that were presented
in Chapter III are transformed into System Dynamics flow diagrams and
DINAMO equations, Bach of the four sectors is treated as an indivi-
dual unit and the connections between the sectors are identified where
they occur. In oxder to simplify explanation of the flow diagranms,
they have been divided into small sectlons. These sectlons are then
presented along with the corresponding DYNAMO equations. The discus-
sion of each sector begins with & central level or auxiliary variable.
The sector is then decomposed variable-by-variable until further de-
compositlon is no longer possible; i.e., the discussion reaches a con-
stant or a variable that has either been previously discussed or that
wlll be discussed in another sectlonm.

To avold continuous repstition, three concepts that appear in
many of the model's equation are explained here, The first is the
concept of an adjustment rate, Chapter II briefly addressed this con-
cept in the discussion of the rate (decision) symbol and the rate
equation. An adjustment rate controls the quantity of material or
information in its associated level. it may be thought of as a valve

that opens or closes to determine how much material or information
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moves into or out of the level and at what speed (rate).

The adjustment rates are generally influenced by many factors.
These adjustment rate factors have been designed to determine the
magnitude of the adjustment rate and to establish the timing of the
rate; 1.e., at what points in time the "valve" opens or closes.

These factors have been called various names throughout the system in
order to ldentify their function. Some examples are the Base Fraction
Ordered factors 1 through 5, the Worldwide ISSL Adjustment Rate Factor,
and the Adjustment Timing Factor. These factors are, in turn, a func-
tion of various variables that are identified in the appropriate
discussion.

The third concept is that of Delta Time (DT). This variable
appears in many equations., Its purpose is to make the model insensi-
tive to the computation interval of the simulation. If the analyst
wants a "high resolution" simulation that will indicate the minute
variations in the system, he may set the computation interval equal
to a day or a fractlion of a day; -if, on the other hand, he is interes-
ted only in the general behavior of the system, he may set the compu-
tation interval equal to a week (7 days), a month (30 days), or even
a year (365 days). The variable DI automatically adjusts the various
yate and auxiliary equations to the computation interval so that the
model correctly simulates the operation of the systenm,

For refecrence, complete sector flecw dlagrams and the entire
computer program listing are presented in the appendices. The first
sector to be discussed is the ISSL Devel.opament Sector.
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ISSL Development Sector

This sector describes the process that is involved in the
initial development of the ISSL. The process has been divided
into two parts: the development of the Worldwide ISSL and the
development of the Base level ISSL.

The Worldwide ISSL level is the quantity of a given item
that 1s required per month to support the entlre weapon systenm
under study until normal demand rates can be established. Figure 4-1
11lustrates that it is a function of the Worldwide ISSL Adjustment
Rate. The Worldwide ISSL Adjustment Rate is the sum of two factors:
the Worldwide ISSL Adjustment Rate Factor 1 and the Worldwide ISSL

Ad justment Rate Factor 2.

st < »(y

{78 NISSL.K=BISSL.JeDT) (UIAR.JK)

HN0TE VISSL  -BORLDNIDE 1SSL

LSKOTE ot <RELTA TINE

ZIOTE WIAR  -WORLDWIDE ISSL ADJUSTHENT RATE

LISR NIGR.KL-UIARF1 KUIARF2.K

SHNOTE UIAR  -UORLDWICE ISSL ADJUSTMENY RATE

JINTE WINRFY  -SORLDVIDE YSSL ADJUSTAENT RATE FACTOR t
JSN0TE WIARFZ -WORLDMIDE ISSL AOJUSTMENT RATE FALTOR 2

Flgure 4-1, ISSL Development Sector Diagram 1
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Figure 4-2 illustrates that the Worldwide ISSL Ad justment Rate
Factor 1 is a function of the Worldwide ISSL Discrepancy 1, the
timing factors 1 and 3, and Delta Time. This set of factors forces

the computer program to compare the Worldwide TSSL level to the

VISSL | WTE3

3T3A BIARF1.K=(NID K} (WTF1.K) (MTF3.K) (1/0T)

4HINTE VIARF1 -WORLDWIDE ISSL ADJUSTMENT RATE FACTOR 1
423K0TE UIDl  -UORLONIDE ISSL DISCREPANCY 1
{39N0TE UIFL  -NORLDNIUE ISSL TINIRG FACTOR 1
T3TE BTF3  -UDRLDWIOE ISSL TINING FACTOR 3
SHKOTE i1 ~DELTR TINE

3234 WIDL.K=INISSL.K-WISSL.R

SIRTE VDL -UORLONIDE ISSL DISCREPANCY {
STINOTE INISSL -INITIAL VORLOWIDE ISSL
SHINOTE RISSL  -UDRLDWIDE ISSL

S25A WIFL.K=CLIPtS 1 TINE KiHREVT)

SINOTE UIFl  -UORLDWIDE TSSL TINING FACTOR 1
S1IMTE VI -TINE

THNDTE UREVT  -WORLOWIDE ISSL REVIEW YIRE
TEIA UTEZ.K=CLIP(Be L oMTFL.K08,8)

TINOTE WitZ  -UORLDWIDE ISSL TINING FACTOR 2
TI3RTE GIFL  -VORLOWIDE ISSL TIMING FACTOR |
8B NTF3.K=CLIPUS LNTF2,d48.5)

STINTE WIF3  -GORLDHIDE ISSL TIMING FACTOR 3
BIINOTE UIFZ  -UORLDGIDE NSSL TIMING FACTOR 2

Flgure 4-2. ISSL Development Sector Diagram 2
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Initial Worldwide ISSL until the point in time established by the
Worldwide ISSL Review Time. In other words, they force the‘ﬁorldwide
ISSL level to.equal the Initial Worldwide ISSL until the Worldwide
ISSL Review Time is reached, Figure 4-2 also illustrates that the
Worldwide ISSL Discrepancy 1 is simply the difference between the
current Worldwide ISSL level and the Initlal World--ide ISSL.

The second factor that controls the Worldwide TSSL Adjustment
Rate is the Worldwilde iSSL Adjustment Rate Factor 2. Figure 4-3
illustrates that it is also a function of four factorst! the Worldwide

ISSL Discreparcy 2, Timing Factors 2 and 3, and Delta Time.

8§75 WIARF2.K=(HI0R.K) {RTF2.K) (WTF3.K) (1/0T)

QHINOTE WIARFZ -UORLDMIDE ISSL ADJUSTMENT RATE FACTOR 2
VIWKOTE U102 -UIRADWIDE ISSL DISCREPANCY 2

YIIN0TE WIFt  -ORLONIDE [SSL YINING FACTOR 2

IKROTE UTF3  -HORLOVICE ISSL TIMIWG FACTOR 3

1680N0TE or <DELTA TINE

Figure 4-3, ISSL Developument Sector Diagram 3
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These factors force the program to compare ths Worldwide 133L level
to the Worldwide ISSL Discrepancy 2 at the point in time that is
determined by the Worldwide ISSL Review Time. At that time the
Worldwide ISSL level is revised 1. necessary. Since command direc-
tives require that ISSL reviews be kept to a minimum, the model was
designed to review the Worldwide ISSL only once during each simula-
tion.

The Worldwide ISSL Discrepancy 2 is the difference between
the Worldwide ISSL level and the smoothed worldwide total monthly
demand rate for the item under study. It is a function of four
facters as 1llustrated in Figure 4-4, The Smoothed Monthly Demand
Rate is a function of the actual demand ratse for au item that.has
been established through experience at a single base for the weapon
system under study for a period of time that is determined by the
Smoothing Period, The Input From Other Bases is estimated from the
Smoothed Monthly Demand Rate and the Fraction of End Items at the
one Base. The weapon system's total monthly demand rate is calcu-
lated and then multiplied by a noise factor to simulate reporting
errors (see Chapter I). This figure is then compared tc the current
Worldwide ISSL level to determine the Worldwide ISSL Discrepancy 2.

The Initial Worldwide ISSL is the sevond factor that 1s used
to calculate the Worldwide ISSL Discrepancy (see Figure 4-2). It
is the original AFLC estimate of the quantity of an item that will

be required to support the weapon system during its activation
period.
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-1923A WIDR.K=<{IFOB.K+SHDR.K-NISSL.K) (NOISEZ.K)
1839N0TE UlDZ  -NORLDMEDE [SSL DISCREPARCY 2
1873M0TE IF0B  ~INPUT FRON OTHER BAGES
LI#INOTE SNOR  -SHOOTHED NONTHLY DEAAND RATE
1123K0TE WISSL  -NORLDWIOE ISSL

113IN0TE NOISEZ -NOISE 2

11738 SHOR.K=(381 (SHODTH(NEVDER.K1 8P}

1ZOWNOTE SHDR  -SNOOTHED NONTWLY DENAND RATE
1225K0TE KEWDDR -KEW DAILY DENAND RATE
123N0TE 1 ~SHCOTHING PERIOD

1275A 1FOB.K={SNDR.K/FEIB.K)-SHTR.K

L3J9N0TE IF0B  -INPUT FGON OTHER BASES
1323K0TE SHOR  ~SNOOTHED NONTHLY DEMAND RATE
1339N0TC FEIB  -FRAUTION OF END ITENS G# BASE
1375R FEIB.K=BEIB/THE!

148880TE FEIB  -FRACTION OF ERD 1TENS OK BASE
WZSRITE NEIB  -NUNBER OF END ITEMS On BASE
143IN0TE THEL  -TOTAL KUBBER OF ERD ITENS
14758 NOISEZ.K=NORMRN{1,0+4.2)

1350MRTE KOISEZ -NBISE Z

Mgure 4-4, 1SSL Development Sector Diagram &
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It is calculated on the AFLC Form 997, EOQ Initial Provisioning Work-
sheet, using the equations in Chapter 2 of AFLCR 57-37, Initial Re-
quirqm_ents Determination. The data used in the calculations are
obtained from the provisioning documents a.nci was discusscli in Chapter
IIT, Figure 4-5 illustrates that the Initial Worldwide 1SSL is the

sum of the Order and Ship Time Requirement and the Repair Cycle

BRC

15252 [WISSL.K=QSTR.KHRCR.K ' ,
LSHRE INISSL -INITIAL WORLDGIDE ISSL
L375K01E STR  -ORDER AND SHIP TINE REQUIREMENT
16HINOTE RR  -REPAIR CYCLE KEQUIRENENT

1828 OSTR.K=(BOST.KI (PTHFL. K (CP.K) ‘

LUSINOTE OSTR  -CRDER AND SHIP TINE REQUIRENANT
167SKOTE BOST  -BASE ORDER AND SHIP VIME
LTHOTE PINFY  -PEAR TOVAL NONTH FIELD ISSUES
LIEKTE w ~CORCEXNATION PERTENT

L7568 BOST.K=QST/SH  MINTHS

17790 BIST  -RASE ORGER AKD SHIP TINE
1843007 057 -ORDER aND SHIP TIME

1825 RCR.Ka{BRC.K) (PIRFLR){1.83-LP K)

18301 BR  -REPAIR CYCLE REQUIRENENT
L8TIN0TE BRC  -BASE REPAIR CTQLE

1948MOTE PINFI  -PEAX TOTAL NONTN FIELD ISSUES
19E5K0TE w ~CONDERMATION PERCENT

Flgure 4-5. ISSL Developnent Sector Diagram §
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Requirement. The Order and Ship Time Requirement 1s the product of
tnree factors: the Base Order and Ship Time, the Peak Total Month

Field Issues, and the Condemnation Percent. The Base Order and Ship
Time equals the Order and Ship Time divided by thirty.

19584 PTHFI.K=PTHIRI.K-PTNDOL.K

1973R0TE PTMFL  -PEAK TOTAL MONTH FIELD ISSUES

L848NOTE PTHORI -PEAK TOTAL MONTH DEMAND RATE [SSUES

Z8Z5N0TE PTHDOI -PEAK TOTAL MONTH DePOT OVERNAUL 1SSUES
26584 PTNUOL.K=(DEPRP.K) {QPET) (PHP.K)

ZB7SNOTE PTNDOI -PEAK TOTAL MONTH DEPOT QUERHAUL ISSUES

218OK0TE DEPRP  -DEPQT REPLACEMENT PERCENT

21ZSHOTE GPEI  -QUANTITY OF PARTS PER END ITEM

ZISONOTE PHF  -PERK NONTH PROGRAM

21754 PTMORI.K={TORNF.K} (QPEL) (PNP K}

1286NOTE PTHIRI -PEAK TOTAL NONTH DEMAND RATE ISSUES

TEZINOTE. TORNF  -TOTAL DENAND RATE MAINTENANCE FACTOR

Z23ANOTE QPEL  -QUANTITY OF PARTS PER END ITEN

ZZTSNOTE PNP  -PEAK MONTH PROGRAN

Figure 4-6, ISSL Development Sector Diagram 6
The Repair Cycle Requirement is alsc the product of three factors;
the Base Repalr Cycle, the Peak Total Month Fleld Issues, and one
minus the Condemnation Percent,
Figure 4-5 shows that the Peak Total Month Fleld Issues is

a function of two factors: the Peak Total Month Depot Overhaul
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Issuss and the Peak Total Month Demand Rate Issues., The Peak Total
Month Depot Overhaul Issues is the product of the Depot Repiacement
Percent, the Total Quantity Installed per End Item, and the Peak Month
Program. The Peak Month Demand Rate Issues is the product of the
Total Demand Rate Maintenance Factor, the Total Quantity Installed
per End Item, and the Peak Month Program.

The Base level ISSL is the second part of the ISSL development
sector. It is the quantity of an item that is required at base level

to support a weapon system until normal demand rates are established.

5’: SZ ——>  BISSL

WISSL —

2308L BISSL.K=BISSL,J+(DT} (BIAR.JK)

232NATE BISSL  -BASE ISSL

LITINOTE or =DELTA TINE

2373N0TE BIAR  -BASE ISSL ADJUSTMENT RATE
24848 BIAR.KL=BISSLD.K

ATNOTE BIAR  -BASE ISSL ADJUSTMENT RATE
Z45IN0TE EISSLD -BASE ISSL DISCREPANCY
24731 BISSLD.K=(NISSL,K) (FEIB.K) -BISSL.K
2590NITE BISSLD -BASE ISSL DISCREPANCY
13Z3KATE WISSL  -HORLDNIDE ISSL

1338N0TE FEIB  -FRACTION OF END ITENS 0N BASE
LITIKOTE BISSL  -BASE 18SL

Flgure 4-7, ISSL Development Sector Diagram 7

I3 is a function of the Base ISSL Adjustment Rate as shown in Figure
i""? . 69




The Base ISSL Adjustment Rate is a function of the Base ISSL Discre-
pancy; i.e., the difference betwesn the current Base ISSL level and
the updated Base ISSL. The three factors that determine the value
of the Base ISSL Discrepancy (the Worldwide ISSL level, the Base
ISSL level, and the Fraction of End Items on Base) have all previously
been discussed in this section.

This concludes the discussion of the ISSL development sector.

The Base Inventory sector is discussed next,

Base Inventory Sector

For purposes of discussion, the Base Inventory Sector has been
divided into two subsectors: the Invgntory Subsector which describes
the actual movement of items through the base, and the Daily Demand
Rate Ad justment Subsector which is concerned with the flow of informa-
tion about the movemsnt of those items and how that information is

used. The Inventory Subsector will be discussed first.

Inventory Subssctor. The central variable in this sector is the

level of the Base Inventory. This level is the quantity of the iten
under study that is actually in stock in base supply. Figure 4-8
11lustrates that this level is determined by the Parts Use Rate and
the Base Procurement Rate, Parts Use Rate is a par: of the Consump-
tion Sector and will be discussed later in this chapter., The Base
Procurement Rate 1s a function of +the Base Economic Order Guantity

and the Base Fraction Ordered.
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BPFROCR

, 39230 BINV.K=BINV.J+(DT} (BPROCR.JK-PUSER.JK)
399ENOTE BINV  -BASE INVENTORY
S97INOTE BPROCR -BASE PROCUREMENT RATE
A#8NOTE PUSER  -PARTS USE RATE
4823R BPROCR.KL=(E0Q.K) (BFO.K) '
4858N0TE BPROCR  -BASE PROCURENENT RATE
A87SNOTE EQQ  -BASE ECONONIC QRDER QUANTITY
4108NOTE BFO  -BASE FRACTION ORDERED

Figure 4-8, Base Inventory Sector Diagram 1
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41254 £0Q.K={(4,4) (SQRT((DDR.K) (VSO (UPI1)}/ (U
4{138N0TE E0Q  -BASE ECONOHIC ORDER QUANTITY
H7SNTE DDR  -DAILY DEKAND RATE

4208NOTE VS0  -VARIABLE STOCKAGE OBJECTIVE
AZISNOTE uw -UNIT PRICE

' Figure 4-9. Base Inventory Sector Diagram 2

As 1llustrated in Figure 4-9, the Base Economic Order
Quantity is a function of three factors; the Unit Price of the item
being procured, the Variable Stockage Objective, and the Daily Demand

Rate, These three factors are combined in the following manner to

yeild the Economic Order Quantity: EOQ = 4.4 AMDDR)(VS0) (UP).
UP

Both the Variable Stockage Objective and the Unit Price are constants

that are peculiar to the particular item under study. The Daily
Demand Rate will be discussed later.
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The Base Fraction Ordered is a combination of five factors:
Delta Time and the Base Fraction Ordered factors 1,3,4, and 5, This
is illustrated in Figure 4-10. Base Fractioﬁ Ordered factors 1 and
5 are timing factors that "order" parts from the Depot whenever the
Base Inventory is depleted to the extent that it reaches the Base

Reorder Point. \

—

BFOS BFO2
BFO4

42568 BF0.K=(BFO1.K) (BFOJ.K) (NINBFO3.K+BFOA.K) ) (1/0T)
§2TIMOTE BF0  -BASE FRACTION QRDERED
439IN0TE BFO!  -BASE FRACTION ORDERED !
LIZINTE BFOS  -BASE FRACTION ORDERED §
4356M0TE BF03  -BASE FRACTION ORDERED 3
437SNO0TE BFO&  -BASE FRACTION ORDERED 4
AABENOTE or ~DELTA TINE

44234 BFOI.K=CLIP(8:+1sBINV.K:RP.K)

445MN0TE BFO!  -BASE FRACTIUN ORGERED {
HTINOTE BINV  -BASE INVENTORY
4300N0TE RP ~BASE REGROER POINT
43250 BFOZ.K=CLIP(B¢!+BFOL.J14.3)

A35R0TE 3F0Z  -BASE FRACTION ORVERED 2
437SROTE BFOL  -BASE FRACTION ORDIRED !

Figure 4~10. Base Inventory Sector Diagram 3

73




vFigure 4-11 1llustrates that factor 3 limits the quﬁntity of
parts that are "shipped" to the base to the number of parts that are
available from the Depot. This factor prevents the Depot Inventory
from going negative if a situation should develop in which an order
from the Base exceeds the.current Depot Inventory., Factor &4 is a
function of the Gost.of the Economic Order Quantity and the amount
of money that the base has avallable for the procurement of parts.
" .This factor prevents the base from ordering more parts than 1t can
' pa& for. The Cost of the Base Economic Order Qgﬁntity is equal teQ
~ the Base Economic Order Quantity times the Unlt Price of the item

being procured.

46734 BFO3 KsCLIPU1¢(DINV.R/ECQ.K)+ (DINV.K-EQQ.K) of)
4TI0TE BFO3  -BASE FRACTION ORDERED 3
4TTNOTE DINV  -DEPOT INVENTORY
ATSINOTE EOQ  -BASE ECONONIC ORDER QUANTITY
4TT3A BFOA.KsCLIP(1: (BNAP.X/CEQQ.K) ¢ (BHAP K-CECQ.K) 18)
A8HINTE BFO8  -BASE FRACTION ORDERED 4

+ 4QZ3NOTE BNAP  -BASE NONEY AVAILASLE FOR PROCUREHENT
ARINNTE (E0Q  -COST OF BASE ECOKOMIC GRDER GUANTITY
4375A CE0Q.K=(ECQ.KI (UP)
49N0TE (EQ  -COST OF BASE ECONGNIC ORDER QUANTITY
ARINTE E0Q  -BASE ECONONIC CROER QUAKTITY
49M0TE w -UNIT PRICE

Figure 4-11, Base Inventory Sector Diagram &
.
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Figure 4-12 illustrates that the Base Reorder Point is equal
to either the Base ISSL divided by three or the Normal Reorder point,
whichever is greater (ses Cha.pter~III). The Base ISSL was discussed
in the ISSL Development Sector. The Normal Reorder Point is the sum

of the Order and Ship Time Quantity and the Safety Level Quantity.
_,.L_ — m —J-—-c
OST _

49754 RP .K=NAX((BISSL.K/3) oNRP.K)
IFBINOTE R? ~HASE REORDER POINT
SH23N0TE BISSL  -BASE INITIAL SPARES SUPPORT LIST
JTENOTE NRP  -NORMAL REORDER POINT
SO738 NRP.K=05T0.KeSLQ.K
SIHNOTE NRP  -NORNAL REGRDER POINT
ZINTE OST0  -ORDER AND SHIP TINE QUANTITY
S1TINOTE SLQ  -SAFETY LEVEL QUANTITY
173A O5TQ.K=(DDR.K) (05T}
SLHNTE QSTQ  -ORDER AND SHIP TIRE QUANTITY
SLTWOTE DOR  -DAILY DENAND RATE
SZINOTE ST -CRDER AND SHIP TINE
S2734 SLA.KMAKC(C) (SQRT((3) (STQ.KI) )+ (DER.K) {15))
‘ RHNTE SLQ  -SAFETY LEVEL QuAKTITY
| SITIMOTE ¢ ~CONSTANT
SITANOTE QST  -URDER AMD SHIP TINE QUANYITY
WTNOTE B3R -DAILY DENAND RATE

Figure 4-12, Base Inventory Sector Diagram 5
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The Order and Ship Time Quantity equals the Order and Ship Time
multiplied by the Daily Demand Rate. The Safety Level Quanéity is
equal to either C times the square root of three times the Order and
Ship Time Quantity.(c A/BY(0STQ) ), or fifteen times the Daily Demand
Rate, whichever is greater. C is a constant determined by Headquarters
United States Air Force that is normally equal to 1. The Daily Demand
Rate is discussed in the Dally Demand Rate Adjustment Subsector.
Figure 4-13 "llustrates how the money that is available for

the procurement of ISSL items flows through the base. As was

BFROCR

m WQ"W.J‘(“‘) ‘m.&i'mﬂm)
SHTINOTE SHAP  -BASE NONEY AVAILABLE FOR PROCURENMENT
SASNOTE ot -DELYA TINE

SeTsmate SAR  -BASE APPROPRIATION RATE
SSMNOTE 23R  -BASE SPENDING RATE
SIS BAR.KL=BSR.K

STIMOTE BAR  -BASE APPROPRIATION RATE
ISKaTE BSR  -BASS SPENDING RATE
SAHIR BSR.KL=(EPROCR.JKY {LF)

SIIOTE BSR  -BASE SPEKDING RATE
SUeN0TE BPROCR -BASE PROCUREHENT RATE
S67INO0TE 4 ~URIT PRICE

Figure 4-13. Base Inventory Sector Diagram 6
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discussed in Chapter I1I, this money is generally made availlable
to the base supply system and seldom presents anything more than a
temporary problem. For this reason, the model was constructed to en-
sure that the base always has adequate funds to purchase ISSL items,
The amount of Money Available for Procurement is a function of the
Base Appropriation Rate and the Base Spending Rate. The Base Appro-
priation Rate was made equal to the Base Spending Rate. The Base
Spending Rate equals the Base Procurement Rate times the Unit Price
of the item being procured. The Base Procurement Rate was discussed
earlier in this section and *he Unit Price is a constant that is ‘
pscullar to the item belng procured.

This concluqes the discussion of the Base Inventory Subsector.

The Dally Demand Rate Adjustment Subsector will be discussed next.

Daily Demand Rate Adjustment Subsector. The variabdle “Daily Demand

Rate" is the periodically updated average dally demand for the item
under study. It is the central variable of this subsector. Figure
4-14 illustrates that 1. is controlled by the Daily Demand Rate Ad-
Justment Rate., The Daily Demand Rate Adjustment Rate is, in turn,

controlled by the Dally Demand Rate Adjustment Factor.
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$356L DDR.K=DOR.J* (DT} {BORAR.JK}

637SN0TE DR -DAILY DENAND RATE

63TENOTE 1} ~DELTA TINE

63TTNOTE DORAR  -DAILY DEMAND RATE ADJUSTMENT RATE
4469R DORAR.KL=OORAF.K

SAZSNOTE DDRAR  -DAILY DEMAND RATE ADJUSTHENT RATE
SASENOTE DORAF  -DAILY DEMAND RATE ADJUSTMENT FACTOR

Flgure 4-14, Base Inventory Sector Diagram 7




Figure 4-15 identifies the five factors that determipe the
value of the Daily Demand Rate Adjustment Factor. They are: the
Daily Demand Rate Discrepancy, Base Fraction Ordered factors 1 and
- 2, Adjustment Rate Factor 1, and Delta Time. The Daily Demand Rate
Discrepancy is the difference between the Daily Demand Rate, which
is an information level that is updated periodically, and the New
Daily Demand Rate which is an auxiliary variable that is updated

continually and will be explained later.

64758 DORAF.X=(DORD,K} {8FOL.X) (BFOZ.K) (ARF1.K) (1/0T)
S33EN0TE CORAF  -DAILY DEMAND RATE ADJUSTNENT FACTOR
S52IN0TE SBRD  -DAILY DENAND RATE DISCREPANCY
$SVINOTE BFOt  -BASE FRACTION ORDERED !
6575KDTE BF02  -BASE FRACTION ORDERED 2
SA4INOTE ARFL  -ADJUSTHENT RATE FACTOR &
6823N0TE ot -DELTA TINE

“5“ nm.g"‘“ﬂmm.x‘m-K

YR (] ODRD  -DAILY DENRND RATE BISCREPANCY
ST8IN0TE KEVDOR -NEW DAILY DEHAND RAIE
61Z5N0TE 00R  -DAILY CENAND RATE

Figure 4-15, Base Inventory Sector Diagram 8
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Base Fraction Ordered factors 1 and 2 and the Adjustment Rate
Factor 1 are timing factors that permit the adjustment of the Daily
Demend Rate only at specific times and only if certain conditions are
satisfied, Base Fraction Ordered factors 1 and 2 were discussed in
the Base Inventory Subsector. They are used here to limit the adjust-
ment of the Daily Demand Rate to the points in time immediately prior
to the depot filling oxrders for parts from the base.

Ad justment Rate Factor 1 allows adjustment of the Daily
Damand Rate omly if the magnitude of the adjusiment meets certain
criteria that are discussed later in this section, Both the timing
corditions imposed by the Base Fraction Ordered factors and the
magnitude of change conditions imposed by the Adjustment Rate Factor
must be satisfied before the Daily Demand Rate can be adjusted.

If the bage places an order for parts and the Jaily Demand

Rate is adjusted, the Base Economic Order Quantity and Reoxder Point

are immediately revised and the order is filled btased on the revised
Economic Order Quantity. Subsequent oxders are filled based on the
revised Reorder Point and Economic Order Quantity,
The New Daily Demand Rate in Flgure 4~15 is an average Daily

Demand Rate that is uplated daily. It &s equal to the Cumulative Re-
curring Demand over a given review period divided by the length of the
* review period (REVP), Figure 4-16 illustrates the variables that are

required to mske the program properly comute and update the New Daily

Demard Pate.
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$738R NENDOR.K=CPD.K/NDAYSZ.K

STTINOTE. NEWDDR -KEW DAILY DEMAND RATE
AGHINOTE CRD  -CUNULATIVE RECURRING DERAND
¢8ZINOTE NOAYS2 -NUMBER QF DAYS 2

. e

gorste g el e
e r.«.,& s T

.. Hi

THIINOTE  CRDL  -CUMGLATIVE RECURRING DEMAND 1
THESL CRDL.KUL)=(PUSER.JKI (DTHERDLLI(N)

TEROIE  GRDL  ~CUNGLATINS RGCURRING DENAND §
TTSNOTE  PUSER  -PARTS USE RATE

C MENOTE OF  -DELTA TINE

F -] - 71254 NCATSZ.K=CLIPINDAYSL. K. L eNDATS1.Ki 1)
S TISINOTE  NOATSZ -NUMBeR OF OATS 2

48300 REVPI=45  DATS
SGTSKOTE  REVPI  -REVIEN PERIOD (INITIAL}
i $904FOR 1=L4REVPI
g LOLIMOTE 1 -REVIEW PERIOD CAUNTER
. 1 S9SONQTE  REVP!  -REVELW PERIOD (INITIAL)
3 49754 CRDLK=SUR(ERDLLK)
9 LOMNOTE  CRD  ~CUNULATIVE RECURRING DEMAND

iyl
'

5 HTIROTE NDAESL -KUNBER OF DAYS 1

£ i TE2#A NDATSI.K=TLIP(REVP, K TIHE.Ki T E.KoREVP K)
SR T225R01E NOATST -KUNBER OF DAIS )
TISHRITE REVP  -REVIEW PERICD

T21SKOTE e -Tike

Figure %-16. Base Inventory Sector Diagram 9
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The Adjustment Rate Factor 1 is the final variable that in-
fluences the Daily Demand Rate Adjustment Factor., It is the timing
factor that determines whether or not the Daily Demand Rate (and thus
the Base Economic Order Quantity and Base Reorder Point) is updated
when the base places an order for parts. Figure 4-17 shows that two
variables act to determine the value of the Adjustment Rate Factor

1; the Established 3ase Inventory Level and the absolute value of

‘the difference between the Econecnic Oxder Quantity Depand level and

the #stablished Buse Inventory level., If the difference 1s greater
than the square root of the Established Base Inventory Level, both the
Daily Demand Rate and the Establiched Base Taventory Level are up-

dated; 1f not, no change is permitted (see Chapter II1).

15880 QRFL.U=CLIP(1 180 {AVBISC.R-SORT(EBIL. X B
13201C GRFL  -RDJUSTMENT RATE FACTOR 1
1350t AV0ISC  -ABSOLUTE VALUE GF DISC

1375001 EBIL  -ESTABLISHED BASE INVENTGRT LEVEL
74833 DISC.K-EGIDL.R-EBIL.X

TALNOTE DISC  ~DISLREPANCY

TASINOIE EOLRL  -BASE ECQ DENAND LEVEL

TATSMTE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
TSHA AVDISC.KHAR(DISC.Ki-DISC.K)

TSEMTE AVBISC -ARSOLUTE VALLE OF DISC

135801 DISC  -DISCREPARCY

Mgure 4-1?7. Base Inventory Sector Diagraa 10
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Figure 4-18 illustrates that the Economic Order Quantity
Demand Level is equal to the sum of the Economic Order Quantlty i,

the Oxrder and Ship Time Quantity 1, and the Safety Level Quantity 1.

1373 EOUDL.K<EQQ1.K+0STQ! K+SLAL K

T4BEINOTE EOQDL  -BAST £QU DEMAND LEVEL
TAZINOTE EQQL  -BASE ECOMONIC ORDER QUANTITY ¢
TASINOTE 0STQl  -QRDER AAD SKIP TINE QURNTITY ¢
TOTSNOTE SLOt  -SAFETY LEVEL QUANTITY |

T7668 EQQL.Ks( (4,4) (SURTV(KEWDDR,K) {USD) (UPYI I}/ LUP)
TIEMOTE EQQ!  -BASE ECONOMIC OROER QUANTITY !
TTINOTE KEWOIR -NEW DAILY DENAND RATE
TITSNGTE VS0 -VARIABLE SYOCKACE GBJECTIVE
TERENUTE w -UNIT FRICE

T823A 05TQL.K=(KEUDER.K) (05Y)

TESIN0TE 05701  -ORDER AND SHIP TINE QUANTITY L
TaTINNE NEWODR -REW DAILY DENAND RATE
THNOTE 0ST  -CROER AND SHIP VINE

T9258 SLOL.K=MAX(C) (SQRT((3) (GSTQL.KD 1)+ (REWDDR.KHIS))
195INTE SLOt  ~SAFETY LEVEL QUANTITE i
TTSROTE & ~CORSTANT

SHINTE 051Gl -QROER AND SHIP TIKE QUANTITY L
SBZIROTE KEMODR -NEW DAILY DENAND RATE

Mgure 4-18, Base Inventory Sector Diagram 11
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These three factors are determined in the same manner as the:Economic
Order Quantity, the Order and Ship Time Quantity, and the Safetiy
Level Quantity that were previously discussed in the Inventory Sub-
sector, except that the New Daily Demand Rate, not the Daily Demand
Rate, is used in the calcﬁlation.

The Established Base Inventory Level is the second factor
that is used to calculate the discrepancy in Figure 4-17. It serves
as a point of reference for determining when to revise the Dally Demand
Rate. Mgure 4-19 illustraves that it is a function of the Establish-
ed Base Inventory Level Adjustment Rate. The adjustment vate is, in

turn, a function of the Adjustment Rate Factor and Delta Tinme.

4 -

—

- DT

SHS0L EBIL.K-EBIL.J+(DT) (EBILAR, )

GTIOTE  ERIL  -ESTABLISHED BASE IKVENTORY LEVEL
SIMNTE BT -DELTA TINE

GIZDNIE  EBILAR -EBIL ADJUSTMENT RATE

SISIR EBILAR.ML=(1/DTHARF.K)

OITSMTE  ERILAR -EBIL ADSUSTMENY RATE

SMMOTE BT -DELTA TINE

GIMOTE  ARF  -ABAUSTNENT RATE FACIOR

Figure 4-19, Base Inventory Sector Diagram 12




The Adjustment Rate Factor is the amount of the chinge to be
made in the Established Base Inventory Level at any given point in
time. It is 'cémposed of the three elements that are illustrated in
Flgure 4-20, The Ad,justmént'l‘iming Factor is the product of Base
Fraction Ordered factors ! and 2 and permits the Established Base
Inventory Level to be adjusted only when the base submits an order
for parts from the depot. Adjustment Rate Factor 4 is the value
that the Established Base Inventory Level "should be" at a gilven
point in time. |

8278 ARF K> (ARFA.X-EBIL K} (ATF K}

QUTMTE ARF  -ADJUSTHENT RATE FACTOR

SIHNOTE ARFY  -ADJUSTHENT RATE FACTOR 4
SIMNE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
§35001E ATF  <ARRUSTHENT TIMING FACTOR

8375A ATF.K=(BFOL.K) (BFO2.K)

SASRNTE ATF  -ADJUSTNENT TINING FACTOR
SATINTE BFOl  -BASE FRACTION ORDERED {
SASSNOTE BFO2  -BASE FRACTION ORDERED 2

FMgure 420, Base Inventory Sector Diagranm 13
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FMgure 4-21 illustrates that the Adjustment Rate Factor 4 is
a function of three elements: the Established Base Inventory Level,

the Adjusted Base ISSL, and the Adjustment Rate Factor 2. The

&
3
3
;{1
3
|
F-
1
4

equation selects the maximum of the adjusted currently Established

3 Base Inventory Level or the Adjusted Base ISSL as the desired future fl
Established Base Inventory Level. *
... 3 . K;

_[_”\’

[N T

ABTFST :
-  mssy |- ]

|

BATSA ARFAK=SHITCHU(ARFZ, ReEBIL.K) ¢
SIPR (MAXIARF2,RHEBIL.K\ABISSL K1 1ABISSLLK) 1
OSISMOTE  ARF4  -ADJUSTMENT RATE FACTOR 4 8
SSSMNOTE  RRFZ  -ADJUSTMGENT RATE FACTOR 2 3
QSTSMTE  EBIL  -ESTABLISHED BASE INVENTORY LEVEL .
OAMBMOTE  ABISSL -ADJUSTED BASE ISSL 1
86234 ABLSSL.K= (BAB) (BISSL.K) HABYF.K) 1
QISBMOTE  ABISSL -ADJUSTED BASE ISSL ki
GATSMOTE BB -BASE ADJUSTMENT TO THE BASE ISSL
GATEMOTE  BISSL  -BASE ISSL 4
OTHMTE  ABIF  -ADJUSTED BASE ISSL TINING FACTOR E

. G725 ADTF K=STEP(1\ABTFST)4STER (-1, 10004730 ;
OISBOTE  ABIF  -ADJUSTED BASE ISSL TINING FACTGR i
SITSMIE  ABTFST -ARYF STEP TINE
GMBMOTE  10CD  -INLTIAL CPERATION CAPABLE DATE '.

-3

Figure 4-21. Base Inventory Sector ‘Diagva.m 14
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The Adjusted Base ISSL equals the Base ISSL (as discussed in
the ISSL Development Sector) multiplied by the Base Adjustment to the
Base ISSL and the Adjusted Base ISSL Timing Factor. The Base Adjust-
ment to the Base ISSL 1s a modification to the Base ISSL level that
is jointly determined by the using organization and its parent major
command., The Adjusted Base ISSL Timing Factor determines the point
in time at which the ISSL requirement is levied on the base. It also

vemoves the ISSL requirement from the base 730 days after the initial
‘ Operation Capable Date of the weapon system at that base,

The Adjustment Rate Factor 2 in Figure 4-21 is the numerical
value of the desired change in the Established Base Inventory Level.
Figure 4-22 illustrates that it is composed of four factors: Adjust-
ment Rate Factors i and 5, the absolute value of the difference be-
tween the Established Base Inventory Level and the Economic Order
Quantity Demand Level, and the maximum permitted change. The equa-
tion compares the absolute value of the difference between the Esta-
blished Base Inventory Level and the Economic Order Quantity Demand
lsvel with the maximum allowable change in the Established Base In-
ventory Level, multipllies this by the Adjustrent Rate Factor 5 to ob-
tain the proper algebralc sign, and final,, aﬁltfpxes the change by
the Adjustment Rate Factor 1 to obtain the proper timing.

The Adjustment Rate Factor 5 establishes the proper sign of
the Adjustment Rate Factor 2. It is a Ehnction of the difference

between the Economic Order Quantity Demand level and the Established
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88254 ARF2,K=(MIN(AVDISC.K:MAXCHG.K)) (HRFL.K) (ARFI.K)
S3TIN0TE ARFZ  -ADJUSTNENT RATE FACTOR 2
SETSNOTE AVDISC -ABSOLUTE VALUE OF DISC
SYRNOTE NAKCHE -NARTNUM CHANGE

SY2IMITE ARF1  -ABJUSTMENT RATE FACTOR 1
SYSMNTE ARFS  -ADJUSTNENT RATE FACTOR §
8975 ARFI.K=CLIP(10=11DISC.KiH)

HIATE ARFS  -ADJUSTNENT RATE FACTOR 3
HINOTE DISC  -DISCREPANCY

96588 NAKCHO.K=SURT(EBIL.K}

WITOTE HAXCHS  -BAXINUM CHANCE

UHINOTE EBIL  -ESTABLISHED BASE INVENTORV LEVEL

Figure 4-22, Base Inventory Sector Diagram 15

Base Inventory Level., If the demand level is greater than the
established inventory, Adjustment Rate Factor § is positive; if the
demand level is less than the established inventory, AdJustment Rate
[factor 5 is negative., The absolute value of the difference between
the Economic Order Quantity demand level and the established base
level is the mathematical absolute value of the difference. The
maximum allowable change for the Established Base Inventory Level
is equal to the square root of the level at that point in time

(ase Chapter III).




This concludes the discussion of the Base Inventory Sector.

The Depot Inventory Sector is described next.

Depot Inventory Sector

The function of this sector is to briefly describe the
process of acquiring parts and providing them to the Base Inventory
Sector. The sector did not have to be thoroughly developed in order
to accomplish this function and it was designed to satisfy all demands
from the base.

The central variable in the sector is the level of Depot
Inventory. Flgure 4-23 illustrates that it is determined entirely
by the Base Procurement Rate (which was described in the Base Inven-
tory Sector) and the Depot Procurement Rate. The Depot Procurement
Rate is a function of the Depot Economic Order Quantity and the Depot
Fraction Ordered.

Mguwre 4-24 illustrates that the Depot Economic Order Quantity
{5 a function of the Base Economic Order Quantity. It is the number

of items that the depot orders each time it places an order for the

items under study. It was set to equal five times the Base Economic
Oxder Quantity in oxrder to ensure that the Depot Inventory Sector

would always be able to satisfy requirements imposed by the base,
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BFROCR

. S87R. DINV.KsDINV.J+(DT) (DPROCR.JK-BPROCR.JX)
FUOTE  OINV  -DEPOT INVERTORY

F9IMOTE  DPROCR  -DEPOT PROCURENENT RATE
TIANTE  BPROCR  -RASE PROCURENENT RATE

99TSR DPROCR.KL={DEOR.K) (DFO.K)

IHHNTE  DPRCCR  -DEPOT PROCURENENT RATE
IORIWTE  DEGQ  -DEPOT ECONONIC ORCER QUANTIVY
IBBROTE  DF0  -DEPOT FRACTION OADERED

Flgure 4-23. Depot Inventory Sector Diagram 1

.
LE873A DEOQ.K=(3) (ECQ.K)

IFIHNOTE  DEQQ  -DEPOT ECONONIC ORDER QUANTITY
IIZN0TE  EOQ  -BASE ECONOMIC ORDER QUANTITY

Figure 4-24, Depot Inventory Sector Diagram 2

90

T ASIRNCIEIAT TR




The Depot Fraction Ordered is the second factor that affects
the Depot Procurement Rate in Figure 4-23, Flgure 4-25 iliustrates
that it is composed of three factors: Depot Fraction Ordered factors
i,2, and 4. Factors i and 2 ace timing factors that "order" parts
for the Depot Inventory when the inventory level reaches the Depot
Reorder Point, The Depot Reorder Foint, like the Depot Economic
Order Quantity, was set to equal five times the Base Reorder Point
to ensure that the depot sector could always fill the demands of the

base sector,

—+—

-t  DINV

L0384 DFO.Ka{DFOS K) (DFOZ. K} DFOA.K)

WITIIE  OFG  -BEPOT FRACTION ORDERED
{28MOTE  DFO]  -DEPOT FPRACTION ORDERED 1
IS29MTE  DFOZ  -DEPOT FRACTION OROERED 2
iHSAOTE  OFOR  -DEPOT FRACTION GRBERED ¢
RSN DFOL.K=CLIP (0 (1707 1 DINV. K DRP.K)
IHNTE  DFO1  -DEPOT FRACTICN ORDERED 8
2N o7 =BELTA TIXE

ISIOTE  DINV  -DEPOT IKVENTORY
(E37SHOTE  ORP -DEPQT REGRUER POINT
‘m m.x‘u.‘?("l'm‘ i3

IMZSNTE  DFOZ  -OEPOT FRACTION ORDERED 2
{HINKTE  OFO1  -DEROT FRACTION CRDERED i
EHTSA DRP K2(5) (RP.K) .
IWHMWOTE  DRP -DEPQT REORDER POINT
ININE @ -BASE RECRDER POINT

Flgure 4-25. Depot Inventory Sector Diagram )
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Flgure 4-26 illustrates that the Depot Fraction Ordered
factor 4 is a function of the Cost of the Depot Economic Order

Quantity and the amount of money that the depot has availlable

for the procurement of spare parts. Factor 4 limits the size of
the order that the depot places with its vendors to the amount of ;
money that it has available to spend. An implicit assumption of :
the Depot Fraction Ordered is that the depot's suppliers can

always completely fill the depot's orders. The Cost of the Depot

Economic Order Quantity is squal to the Depot Economic Order

Quantity times the Unit Price of the item being procured.

- DMP |

g

us e

{E550A DFON.K=CLIPCLo (ONAP KICOEDD. Ko o (CHAP . X-COECQ.K) 1)

ISSTIOTE  BEO4  -DEPOY FRACTION GRDERED 4

IBINOTE  DXAP  -DEPOT NONEV AVATLAMLE FOR PROCURENENT

WBZSWTE  CDEOQ  -COST GF DEPOT ECONCRIC ORDER GUANTITY g
19858A CBEOQ.K=(BED, K) (LP)

ITINOTE  COEOQ  -COST OF DEEOT ECOKONIC ORDER QUANTITY

IO76NOTE  OEOU  -DEPOT ECONONIC GRBER QUANTITT '

2T W -7 PRICE v

Maure 4-26, Depot Inventory Sector Diagranm 4
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Figure 4-27 illustrates the flow of noney through the depot
sector. The level of Depot Money Available for Procursment is a

function of the Depot Appropriation Rate and the Depot Spending Rate,

In order to insure that the depot always has adequate funds to pur-
chase parts so that it can meet the base's demands, the Depot Appro-
priation Rate is set to equal the Depot Spending Rate. The Depot
Spending Rate is a function of the Depot Procurement Rate and the

Unit Price of the items purchased.

IMAP

—

up DPROCR

L0738 DNAP.K=OHAP,J#4DT) (DAR. JK~BSR.JX)
IOTISNOTE  UNAP  -DEPOT NONEY AVAILABLE FOR PROCURENENT
16HINOTE OV ~CELTA TINE

162301E DR -DEPOT APPROFRIATION RATE
IOSSENGTE  DSR -DEPOT SPENDIN RATE
182751 DAR.KL=0SR. X

IS9MNOTE  DAR  -CEPOT APPROPRIATION RATE
(B92SMOTE OS] -DEPOT SPENDING RATE
LI9SR DSR.KL=(DPROCR. & (UP)

IW7STE  OSR -DEPOT SPEXDING RATE
LIRHNOTE  OPROTR -DEPOT PROCURENENY ANVE
UIZSE P -UNIT PRICE

Fgure 4-27, Depot Inventory Sector Diagraa 5

This concludes the discussion of the Depot Inventory Sector.

The usxt sectlon discusses the consumption of parts by the base,
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Consumption Sector

This sector discusses the factors that influence thé use of
spare parts by the base level organization. The rumber of Ready End
Items is the central variable in this sector. Figure 4-28 illustrates
that the number of Ready End Items is a function of the End ltem Re-
pair Rate and the End Item Failure Rate. The End Item Repair Rate is
a function of the Parts Use Rate and the Quantity of Parts Per End
Ttem: the End Item Fallure Rate is a function of the Number of Fallures
of the end ltem that are due to the component under study. The next

several paragraphs discuss the factors that determine the Parts Use

ﬂv'_ ,’

Rate,

PUSER
—]

11375, REL,K=REI,J+ (DTHEIRRJK-EIFR.JK)
{149AR0TE REl  -READY END ITENS
11425N0TE 1 -DELTA TINE
LIAGENOTE EIRR  -END ITEM REPAIR RATE
LIATINOTE EIFR  -END ITEM FAILURE RATE
11568R EIRR.KL=(PUSER.JR/QPEIL)
11525M0TE EIRR  -END ITEN REPAIR RATE
11338RCTE PUSER  -PARTS USE RATE

- {1575NK0TE QPED  -QUANTITY OF PARYS PER END ITEM
11608R EIFR.KL=NOF K
{1625N0TE EIFR  -END ITEN FAILURE RATE
1185IN0TE NOF  -NUMBER OF FAILURES

Figure 4-25, Consunption Sector Diagram 1
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Figure 4-29 illustrates that the Parts Use Fate is a function
of four factors: the Quantity of Parts per End Ttam, the Parts Use
Rate generated by weapon systems at the base other than the one under
study, the number of Not Ready End Items due to malfunction of the

component under study, and the Parts Use Rate Factor.

QPEI

11675R PUSER.KL= (RRET.K) (QPEI) (PUSERF. K1 +QPUR
L{7HENOTE PUSER  -PARTS USE RATE

LITZROTE NREL  -NOT READY END ITENS

LITSINDTE GPEL  -QUANTITY OF PARTS PER END ITEM
LITT3NOTE PUSERF  -PARTS USE RATE FACTOR
118KENOTE GPUR  -OTHER PARTS USE RATE

Figure 4-29. Consumption Sector Diagram 2

The Quantity of Parts per End Item is a constant that is extracted
from the weapon system provisloning document. It is the guantity _
of the perticular part under study that is used each time an end :
item is repairel, The Other Rarts Use Rate requ;rament ts the total
demand for the item at the base by all other wespon systems except

the one that requires the ISSL.




As illustrated in Figure 4-30, the number of Not Ready End
Itens is simply the difference between the Number of End Items on

the Base and the number of Ready End Itens.

-~  REI

118238 NREL.K=NEIB-REL.K

11836N0TE NREI  -KOT REROY END ITENS
L187SHATE FEIB  -NUMBIR CF END TTERS ON BASE
LI9BK0TE BEl  -READY END ITEXS

Fgure 4-30, Consumption Sector Diagram 3

Figure 4-31 illustrates that the Parts Use Rate Factor is

a function of t‘ni:ee elements: Parts Use ﬁa.te Factors 1,2, and 3.
Parts Use Rate Factor 1 1im1ts the Parts Use Rate at the base to
the nunber of parts that are avallable in the base inventory,
Tarts Use Rate Factor 2 1s a table function that relates the amount
of ‘emphasis that is placed by the base on the repalr of Not Ready

- End Items to the number of Hot Ready End Items and the Required

_' Kumber of Ready End Items. This relationship was developed intui-

~ tively and is plotted in Figure 4-32. It states that -as the actual
nusber of Ready End Itoms exceeds the required number of Ready End
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119258 PISERF. K= (NINIPURF1. K1 PURF3.K) )} {PURF2.K)
H15IN0TE PUSERE  -4RTS USE RATE FRACTION
HR7INOTE PURFL  -PARTS USE RATE FRACTION 1
120008 IE PURF3  -PPRTS USE RATE FRACTION 3
1ZIZINOTE PURF2  -PAMTS USE RATE FRACTION 2
128563 PURFL.K=CLIP{E o (RINV. P/ URRTLK) (QPEL) ) o (BINV.K-
126755 INREL.K) {QREXNNSC)

12148N0TE PURFI  -PARTS USE RATE FRACTION ¢
1212380TE BINV  -EASE INVENTURY

121 5I0TE NREI  -NOT READY END [ITEAS

12175K9TE . QPED  -QUANTITY OF PARTC PER END ITEN
{22608 PURFZ K=TRBHL (PURFZTHREID.Ke-181111)

[2225401E PURF2  -PARTS USE RATE FRACTION 2
122550TE SURFEY  -PARTS USE RATE ¢RACTION 2 TABLE
122T9KQTE RETID  -NEADY END ITEM DYSCREPANCY
123608 PURF3.K=CLIPLY ¢ (ARC/NREL. M) o (N C-NRET LK) o}
1235ROTE PURFR  -PARTS USE RATL ,CACTION 3
1233M0TE HKC  -HAINTENANCE REPAIR CAPABILINY
1B3TMTE KRET  -KOT READY EHD [™Zhs

Figure 4-3i. Consumption Sector Diagram &

Imarve




Items, there is less pressure at the base to repalr the defective

3 items. Conversely, it states that as the number of defective end
items approaches or becomes less than the required number of end

- items, there 1s an increased effort placed on repairing the de-

) fective units, Parts Use Rate Factor 3 prevents the Parts Use Rate
from exceeding the Maintenance Repair Capability of the organization
(as determined by unit manning, facilities, tools, etc.).

: 1.0 +

E 0.5 4

12 -0 -8 -6 4 =2 0 2
o Required Number of Ready End Items - Ready End Items
Figure 4-32, Parts Use Rate Factor2 Graph

Figure 4-33 illustrates that the Ready End Item Discrepancy
is the difference between the Required Number of Ready End Items and
the actual number of Ready Emd Items., The Required Number of Ready
End Items is sinmply the number of end items at the base multiplied
by the Desired Ready Rate., The Desired Ready Rate is the ready rate
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12488 REID.K-RIRET K-RELLK -
I22WOTE  GGID  -READT END ITEN DISCREPANCY
{2450M0TE  RMRED  -REGUIRED NUNBER OF READY END ITENS
IATOTE  RED  -READY END ITENS

125688 RNREL.K=(0RR.K) (NELB) .

{2SESMOTE  RMRED  -REQUIRED NUMBER OF READY END ITENS
I2SSMOTE DR -DESIRED READY RATE

12STROTE  NEIB  -NUMBER OF END [TENS ON BASE

126048 TAR.K=COMKCE

I2620TE DR -DESIRED READY RATE

I26SNOTE €D ~CONNAXD DIRECTIVES

IATSM0TE WD -MING COMNANDER'S DESIRES

Figure 4-33. Consunmption Sector Diagram 5

required by Command Directives as modified by the unit commandex's
desires,

This completes the discussion of the factors that influence
the End Item Repair Rate and Parts Use Rate, the left-hand side of
Mgure 4-28. The next several paragraphs disouss the End Item
Fallure Rate, the right-hand side of Figure 4-28.

It was already stated that the End Item Failure Rate is a
function of the Number of Failures of the end item that are due to
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the component under study. Figure 4-34 illustrates that the Number

of Failures is a function of four factors: +the number of Ready End
Items, the timing facitor, the End Item Fallure Parameter, and a noise

factor.

I0CD

127604 NOF K= (REL.K} (ETFP) (NOISEL K} {NOFTF .K}

1272IN0TE WOF  -NUMBER OF FAILURES

12TSIN0TE REL  -READV END ITENS

12TTSNOTE EIFP  -END ITEN FAILURE PARANETER
1208IN0TE NOISEL -NOISE {

12623N0TE NOFTF  -NUNGER OF FRILURES VINING FACTOR
12838A KOFTF.K=STEP(1+10CD)

12073N0TE NOFTF  ~NUMBER OF FAILURES TINING FACTOR
{96INTE 100D  -INITIAL GPERATION CAPABLE DATE
19230 NOISEL.K=NORNRN(1.8:8.2)

1293040TE ROISEl -NDISE 1

Figure 4-34, Consumption Sector Diagram 6

The timing factor is a function of the Initial Operational
Capable Date of the weapon system under study. It provents the model
from slmulating any end item fallures before that date, and after that
date it permits the model to simulate the number of fallures that are
determined by the other three factors.
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The Erd Item Fallure Parameter is a constant that is depen-
dent on'such factors as weapon system operating environment, use
rate, and mission profile., It was fully discussed in Chapter III,

The nolse factor was added to the number of failure equation
to simulate the random fluctuations in the number of failures that
are due to factors that are not considered by the model.

This concludes the discussion of the flow diagrams and
DYNAMO equations that were developed to permit computer simulation
of the ISSL model. The chapter consisted of a variable-by-variable
discussion of all four sectors of the model. It identified all the
variables in the model and discussed the mathematical relationships
among them. Chapter V addresses the validity‘of these hypothesized
relationships and the parameters that were used to_run the model on

the computer.
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Chapter V

MODEL VALIDATION

Intreduction P
In his book Industrial Dynamics Jay Forrester stated that
nodel validity . . . depends on how well it [the model] serves its
purpose [31115]." He continued to say that a model *, . , should
bte judged by its suitabllity for a particular purposs, A model is
sound and defendsble if it accomplishes what is expected of it
[3:115]." Therefore, the model which was constructed is valid
if it fulfills the objectives established by the analysts at the
beginning of the research effort.
The importance of establishing objectives in model develop-

ment and validation were stated by Forrester when he said:

+ + o the absolute worth of a model can be no greater
than the worth of its objectives,
The value of the objaectlve trancends all other considera-
tions in determining the utility of a model [3:116].
Therefore, the analyst must choose an objective which is significant,
In oxrder to choose a significant objective the analyst must have a
", . . keen pexception of symptoms [of system behavior] and, ability f_
to relate them to the probable causes [3:1116].* For this research }
effort, the objective of the model was to simulate the process

involved in the development of the initial spares support list (ISSL).
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Through the construction of a valld model which satisfiles the
research objectives, the Air Force will be provided with a device
to be used in reaching a decision concerning initial provisioning;
i.e., ISSL quantity decisions.

With the establishment of significant and meaningful

objectives the effectiveness of the model must be established.

Model effectiveness depends ". . . first on the system boundaries
R it encompasses, second on the pertinence of selected variables,

. and last on the numerical values of the parameters [3:115-ii7]."

| In determining the effectiveness of the model, confidence is

| developed in the model. This chapter examines the dynamic model
- ; of the ISSL development process tr cetermine its validity in terms
of the boundaries established for the system, the interaction of
the variables identified as components of the system, and finally
-the results obtained from the values assigned as the model para-

meters,

System Boundaries
BEstablishing the system boundaries is the ". ., . first and

most important question about detailed model design . . .[3:117]"
which must be answered. The selection of system boundariss is
dlrectly related to the objectives that are established by the
analyst because they gulde the study of the system in question,
Forrester noted the lmportance of establishing sound systen
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objectives and boundaries when he said:
+ « » Suitable boundaries are related to objectives,

+ + « If the boundaries range unnecessarily far, the model

will be distracting and may lead to such confusion that

the project is abandoned [3:117].
Applying these principleg delineated by Forrester, the ISSL
development process was conceptualized as being composed of four
interdependent sectors, with each sector consisting of séver;l
variables. The interactiviily of the variables and the interdependence
of the sectors was discussed in Chapter III. !

The variables within a given sector aggregated information
and resources independent of the activity of another given sector.
Therefore, each sector was free to act upon the information ard
resources based upon its own internal decision structure. From
this independence of action it was concluded that the system
boundaries were properly conceptualized and established ccrrectly
for the model of the IéSL development process. Once the systenm
boundaries were éstablished & check had to be performed to ensure
that all pe;tinent variables and thelr proper interrelationships

wers included as part of the model.

Pertinence of Selected Variables

After establishing the boundaries of the system the next
stop was to identify the variables which interact within these
boundaries to form the model of the system. Forrester pointed out
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the signifiéance of variable identification when he said
The second most important question of model design is
to ask if the model contains an effective choice of variables,
properly interconnected. . . . Fallure to include tha proper
system variables in a model can destroy the utility of the
model as & design tool [3:1187.
In determining and establishing the variables which are contained
within a system the *. . . most difficult choices will be in the
decision functions of the model [3:1187," because these variables
", . . exist largely within the information networks where policies
are informal [3:118]." Hence, the model was constructed from
the interacting variables, which were derived from the current
information policies,

For the most part the current policy guldance was contained
in the assorted Department of Defense; Headquarters, Air Force; ard
Headquarters, Alr Force Logistics Command directives and regulations
governing the actions and activities which comprise the initial
spares support list development process. Thus, the variables which
Torm the formal portion of the ISSL development process were some-
what easily discerned. Howaver, in order for the model to accurately
replicate the current system's structure the informal policy vari-
ables had to be included as well.

The iuformal policy variables were discerned from interviews
with specialists responsible for the computations and adjustments '
made to the range and depth of support/replacement items included on

the ISSL. These informal policy variables were combined with the
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formal pollcy variables and together they made up the causal-loop
diagrams discussed in chapter III. JNrom the research into the
formal and informal policy formulation process the relationships
that exist between the variables in each sector and the interde-
pendence between the sectors were identified. This research into
the variables also rsvealed that the model did conform to the
actions and activities which combine to form the initial spares
support list (ISSL) development process.

With the system boundaries established and the interacting
variables identified the next action was to test the interaction
of the variables to verify the resonableness of the model. Prior
to testing the varlable interaction values were assigned to initlate
model activity.

Parameter Values

Having determined that the system boundaries were nroperly
established and that all pertinent variables had been captured by
these boundaries it was time to pesrform the third model validity
check, which was to assign numerical values to the parameiers within
which the model will operate. The assignment of these parameter
values was also discussed vy Forrester whan he sald

The third and least important aspect of a model to be

considered in Jjudging its validity concerns the values for

its parameters. , . They may be chosen anywhere within a
plausible range [3:119].
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Forrester considered the parameters chosen for the numerical values
of the variables to be least important because of the sensitivity
of the variables. Forrester noted that a few variables will be
insensitive to the values assigned; however, a ". . . few sensi-
tive parameters will be identified by model tests. . . [3:119]."

Since this research effort was directed towards the
development of a model of initial spares support for new items
coming into the Alr Force inventory, standard values were assigned
to many of the variables. For the most part these standard values
sre contalned within the governing directives and regulations.
These standard values are applicable to the ISSL Develcpment Sector
and are used in conjunction with the computation parameters
established by the equipment specialist to determine the initial
spare)replacement parts quantity level,

The other parsmeters that have an impact on the varlabvles
which make up the ISSL development process are those established
by the using Major Command. The using command establishes the number
of end items to be assigned to the base and the mlssion profiles
for the and itea which are the parameters with the greatest iapact
on the remaining three sectors of Base Inventory, Depot Inveatory,
and Consumption, as the demand levels for the spare/replacement
parts are projected Based on anticipated end item usage.

¥With the three phases of model wvalidity established by

Forrester satisfied, the remaining task was to reproduce systenm
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behavior by simulation, The —sproduction of system behavior

through model simulation is the subject of the final section of

this chapter,

Reproducing System Behavior

The true test of how well the analyst designed his model
to represent the system under study is demonstrated when the model
is utilized. Once again it was Forrester who provided the insight
into the importance of the model duplicating the system when he said

the model

« » o+ 8! - U4 generate time patterns of behavior that do
not differ in any significant way (judged within the framework
of the < hjectives of the study) from the real system. . . . the
more ir.istinguishable the over-all model performance is from
a typical history of the actual system, the betier our confidence
in the model is apt to be [3:119].
Using thess guidelines i. was assumed that the vaiue of the ISSL
development process model would be shown in the model‘s abllity to
represent the behavier of the real system.

In order to verify the model' ability to simulate the
performance of the ISSL development process, & hypothetlcal situation
was created. Input values wore developed based on information obtain-
ed during the research effort., These values were input into the
model, and the model was run vn the computer, The resulis of the
simulation ror selected varlatles are shown in the following figures,

fgure 5-1 illustrates the model's ability to generate the

Base Inventory level pattern that is consistent with the Barts Use
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Figure 5-2 illustrates the model's capability to simulate
the adjustmert of the Esurblished Base Inventory Level., The
Established Base Inventcry Level is adjusted when orders ars Placed
until the level reaches a value that is in equilibrium with the
Parts Use Rate. As was discussed in Chapters IIT and IV, adjustments
can be made to the Base Inventory level only if the magnitude of the

adjustment meets certain criteria that are specified in Air Force

dlrectlves,
250 1[
[1+]
o
=l
'.'é
)
(AR . . J ,
50 — -—f  § + i
2N 100 200 250

50
Time {(Days)
Flgure 5-3. Simulation Results Graph 3

Flgure 5-3 illustrates that the model simulates the ad just-
ments of the Worldwide ISSL level at the Worldwide ISSL Review
Tima. At the review time the Worldwide ISSL level is ad justed, if
required, to make it consistent with actual parts consumption data
that has been generated by using organizations.

During the course of research into the validity of the
model, varylng lengths of simulation and different parameter values

were input inte the system. In all cases similar results were
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obtalned. Thus the model demonstrated its ability to stabilize and
adjust quantity levels based on actual demand generated from actual
parts use rate, Therefore, it was conclided that the system bound-
aries were properly established, the pertinent variables had been
included in the model design, and the numerical values assigned as
the variable parameters were accurate. Since all three validity
factors were satisfied, the model appears to be valid and capabls of
reproducing expected system behavior.

The foregolng served to verify the internal validity of the
model; l.e., it demonstrated to the authors that the model simulates
the behavior of the ISSL development process as they ccuceptualized
the system to be., Verification of the external validity of the
model, l.,e., that the medel actually simulates the behavior of the
real-world system, requires the input of actual historical data,

A summary of the ressarch effort, recommendations for further
study, and the conclusions that were drawn from the research project

are the subjects of the next chapter.

111

e e A it A A A | ]

LT ANE - ‘1-'“‘



_—— PR R RERA R
e R ST A TR, R I PR R R
e TR AR UL TR ORI RN R

- RO TR LT -

T

ye
e ]
R
N

%
i
4
Chapter VI 5
5§ SUMMARY, RECOMMENDATIONS, AND CONCLUSIONS é
] Six objectives were established at the beglmning of this ;
g: project. A summary of the research effort is presented by addressing 1
:%_ 3 how well sach of the objectlves was accomplished. The summary is %
v » !
¥ ‘ followed by recommendations for further study and the conclusions §
E’ . that were reached as a result of the study. ;
3
7 ‘ Dynamic_Interrelationships. The first objective of this research
was to determine pertinent dynamic interrelatlionships that comprise
fi' ‘ the ISSL development process. This was a three step process that
T ' involved setting the boundaries of the system, identifying pertinent
variables, and determining the relationships among them. This was
successfully accomplished and permitted investigation of the cause

and effect relationships.

Cauge and Effect. The second research objective was to trace the

cause and effect of the relationships among the variables of the
system. Causal loop analysis, as described in Chapters II and III,

was used to loglcally investigate the specific nature of the rela-
tionships of the ISSL development process.

This analysls led to in-

vestigation of the system's control process.
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Control Process Formuwlation. Descriptlon of how decisions resulted

from available information streams, through formulation of the
_control process of the system was the third research objective,

This objective was accomplished by creating the sector flow

diagrams that were presented in Chapter IV. The flow diagrams

formally identified the decision points, information flows, and

resource flows within the ISSL development process. Completion of

the system flow dlagrams permitted the construction of a mathematical

model of the system.

Construction of the Mathematical Medel. The fourth research objective

was to construct a mathematical model of the ISSL ‘development process.

The DYNAMO simulation language was used as the framework for model

construction. The model was completed using the flow diagrams that

were presented in Chapter IV as an outline. Parameters were extracted

from currently available data sources or intultively developed. Com-
pletion of the mathematical model made it possible to simulate the
behavior of the hypothetical ISSL development process.

Simulation of Behavior. The fifth objective of the research was to
operate the model, Bach operation of the model generated one simula-
tion of the system. Numerous simulations were accomplished and, after
each simulation, the model behavior was analyzed to determine if the

expected behavior was present. If, in fact, it was not, the model

113




A T e e OO . . .
pERCARIE RN :“:p’~’:“~:§{:\‘§:i).t\¥,‘?‘—:iﬁ R S R By T I P B s

was analyzed to determine the cause of the unexpected behavior.
Once the cause was discovered, the model was modified and the simu-
lation repeated. This iterative process led to internal validation

of the model.

Valldatlon Testing. The final objective of the research was to

test the validity of the model with historical data, As outlined
in Chapter V, validation is twofold: internal and external. The
internal validity of the model was demonstrated by the system
behavior patterns that the model generated for the values of the
parameters that were used during numerous simulations. External
validatlion of the model was prevented dus to a lack of historical
parts consumption data and the lnability to measure the human factors
that intluence the inputs to the ISSL development process, Until
this information is developed, full model validation is impossible,
Partly as a result of this inability to externally validate the
model, recommendations for further study have been formulated.

Recommendations for Further Study

The authors feel that four areas need further research.
First, the model that was developed in the project needs to be
externally validated, Real world data needs to be collected, insert-
ed into the model, and the model run £o ensure that it indeed

acourately simulates the behavior of the ISSL development process.
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During the course of the research project, it was discovered
that ISSL reviews are kept to an absolute mi:nimum and that the
accuracy of the actual parts consumption data that is avallable
for use during these ISSL review meetings is, at best, questionable,
The second recommendation is that the model be used to investigate
the effectiveness of various ISSL review policles and to determine
the sensitivity of the system to the inaccurate data that is used in
the ISSL review process.

Also discovered during the course of the research was the
fact that the base level ISSL 1s prorated from the worldwide ISSL
based on the fraction of the total number of end items that the
base receives and the projected end item use rate. No consideration
is gliven to the different environmental conditions that exlst at
different bases. By not considering the end item operating environ-
ment, one base may Ee overstocked with an item whereas another base
may be understocked. This leads to the third recommendation: the
model should be used to investigate the effects of considering
environmental variables on the effectiveness of the base level ISSL,

The last recommendation follows from the stock level in-
balances that were just described. It i1s more general and is
beyond the scope of the present model. The authors recommend that
other ISSL distribution policies be investigated. During the course
of the research, three options were discussed with various AFLC offi-

cials: contractor provided support, regional ISSLs, and centralized
support .,
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Under the contractor provided support option, the contractor
would provide the initial support for an end item for a designated
period of time. Then, based on actual parts consumption data, the
stock levels required for system support would be determined., By
using actual data, predicting future needs for support becomes more
precise and funds for procurement can be spent more effectively and
efficiently. Also, more accurate ISSLs could be developed that
would provide better support to base level units,

The regional ISSL concept would be predicated on the antici-
pated operating environment in the area that the weapon system is
to be employed. Under this concept the effect of different environ-
ments on end item failure rates would havé to be determined and the
projected support requirements for each environment calculated.

To illustrate this point, tests might show that more fallures occur
in a hot, humld environment than in a more temperate environment; .
thus, more parts would be required in the hot, humid region,

Under this concept, a larger portion of the worldwide ISSL would

be given to bases in the hot, humid areas than in the temperate
areas, Prior to adopting thils concept, the costs of conducting

the environmental tests should be compared to the anticipated
benefité of the concept; however, the regional concept has the poten-
tilal of providing more effective and efficient ISSLs.

The centralized support concept is an extention of the
reglonal ISSL concept. Under this concept, a single base within a
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given region would be designsted as the central supply point for
system support. This base would maintain the ISSL inventory for
the region and would ship items to customer bases on an as-required
basis. This procedure would have the effect of smoothing demand
and would improve efficlency by minimizing the problem of one base

being "overstocked" while another was "understocked."

Conclusions

Two conclusions can be drawn from this project. Flrst, it
is possible to develop a mathematical model that simulates ihe
management and decislon structures that constitute the ISSL develop-
ment process. If this model is valldated with real world data, it
could become a very ugeful tool for improving the ISSL development
process,

The second conclusion is that the present ISSL development
process 1s not efficliently supporting Alr Force weapon systems. In
many cases too many, too few, or the incorrect spare parts are
procured. This results in elther needless expenditure of funds or
unnecessary equipment down time, There appear to be twe reasons
for this inefficiency.

The first reason is that AFLC is using a plecemeal approach
for providing end item support. While all parties involved seek to
provide adequate support, there is no one person who oversees the

entire process, For example, all of the inveatory management
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specialists that were interviewed were knowledgable in thelr own
individual areas and had a working knowledge of an Alr Logistics
Center, but none of them had a complete picture of ISSL development,

A second reason for the inefficiency appears to be an over
dependence on the computer.. While the computer does provide a
valuable service in management, care must be taken to make sure
that the managers understand and maintain control over thelr system,
The analysts discovered two cases in which the computer is "control-
ling" the managers, First, AFLC has developed a program to provide
the headquarters with information about parts use rates so that ISSL
levels can be adjusted, This program is not working becauze of a
computer interface problem that requires manual recoding of data.
Because thelmanagers in the ALCs do not have the time to recode the
data, 1.e., to properly "feed" the computer, the data is lost, and
the program thus far has not worked. The second case that the
analysts discovered was in the local base supply activity. The
managers that were interviewed there relied entirely on the computer
to calculate thelr reorder points and reorder quanties; they had no
idea what kind of calculations the computer used to dstermine the
numbers that they use to manage thelr system.

If a manager is to make his organization both effective and
efficlent, he must be able to control it, In order for him to
control his organization, he must be aware of the variables that

influence the behavior of his system and he must understand how
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Perhaps the greatest value of the model that was developed for
this project is that it can provide a means to gain that under-

standing for the complex set of interactlions that make up the ISSL

development process.,
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those variables interact to produce the behavior of the system.
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ISSL DEVELOPMENT SECIOR FLCW DIAGRAM AND VARIABLE LIST




Aav._/@ s

. 7
AH mmHth\ Vﬁ 1SSIid T

gyig




250HH T R A PN I HH R I I H
8 ’
75C VARTABLE LIST FUR THE ISSL DEVELOPMENT SECTOR
168C '
- {Z3C ABISSL ADJYSTED BASE ISSL
1380 BIAR  BASE ISSL ADJUSTHENT RATE
175¢ BISSL  BASE ISSL
2680 BISSLD BASE 1SSL DISCREPANCY
2250 BRC  BASE REPAIR CYCLE
238C BIST  BASE ORDER AND SHIP TINE
275¢ cp CONDEMNATION PERCENT
389C DEPRP  DEPOT REPLACEMENT PERCENT
320 o DELTA TINE
350C FEIB  FRACTION OF END ITENS ON BASE
375C IFOB  INPUT FROR OTHER BASES
4800 IRISSL INITIAL WORLDMIDE ISSL
A23C NEIB  NuMDER OF END ITENS ON BASE
438C NEWDDR KEW DAILY DEMAND RATE
475C NOISEZ NOISE 2 :
SAEC 0ST  ORDER AND SHIP TIHE
SZ3C OSTR  ORDER AND SWIP VINE REQUIREHENT
SS6C PP PEAK NONTH PROGRAN
JTSC PTNOOL PERK TOTAL MONTH DEPGT OVERHAUL ISSUES
683C PTHDRI PEAK TOTAL MONTH DEMAND RATE ISSUES
623C PTMFL  PEA TOTAL MONTH FIELD ISSUES
658C QPEI  QUANTITY OF PARTS PER END ITEM
675C RCR  REPAIR CYCLE REQUIREMENT
1640 RP BASE REORDER POINY
, - TE5E SNDR  SHOOTHED NONTHLY DENAND RATE
i 738¢ SP SHODTHING PERIOD
7750 TURNF  TOTAL DEMAND RATE MAINTENANCE FACTOR
8#9C TINE  TIME
825C TNEI  TOTAL NUMBER OF END ITEMS
1 859C WIAR  WORLDNIDE ISSL ADJUSTMENT RATE
3730 VIARF! WORLDWIDE ISSL ADJUSTMENT RATE FACTOR !
§85C WIARFZ VORLDNIDE ISSL ADJUSTMENT RATE FACTOR 2
923C ¥ID1  NORLDWIDE ISSL DISCREPANCY 1
936C ¥IDZ  NORLDNIDE ISSL DISCREPANCY 2
73C WISSL  HORLDWIDE 1SSL
18R3C NTF1  VORLONIDE ISSL TINING FACTOR 1
{825C NTFZ  NORLDWIDE §SSUL TIHING FACTOR 2
ISBC NTF3  VORLDWIDE ISSL TINING FACTOR 3
1#75C WREVT  VORLOWIDE ISSL REVIEW TIKE
{1880
{250 H R ORI RS A RN
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APPENDIX B
BASE INVENTCGRY SUBSECTOR FLOW DIAGRAM AND VARIABLE LIST
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75C VARIABLE LIST FOR THE BASE INVENTORY SUBSECTOR

i86C

125C BAR  BASE APPROPRIATION RATE

1S6C BF0  BASE FRACTION ORDERED

175C BFO!  BASE FRACTION ORDERED {

286C BFO2  BASE FRACTION ORDERED 2

223C BFO3  BASE FRACTIOM ORDERED 3
- 266C BFOA  BASE FRACTION ORDERED &

2150 BFUS  BASE FRACTION ORDERED 5

30H; BINV  BASE INVENTORY

325C BISSL  BASE ISSL -

356C BNAP  BASE NONEY AVAILABLE FOR PROCUREMENT

375C BPRICR BASE PROCUREMENT RATE

400 BSR  BASE SPENDING RATE

aC ¢ CONSTANT

458C CEOQ  COST OF BASE ECONOMIC ORDER QUANTITY

475C DOR  DAILY DEMAND RATE

S@IC DORAF  DAILY DENAND RATE ADJUSTMENT FACTOR
- 9230 DINV  DEPOT INVENTORY

SSic o7 DELTA TINE

S73C E0Q  BASE ECONORIC ORDER QUANTITY

S40C NRP  NORMAL REGRDER POINT

425C OST  ORDER AND SHIP TINE

456C 0570 ORDER AND SHIP TIME QUANTITY

4750 PUSER  PARTY USE RATE

THC AP BASE REQROER POINT

T80 SLQ  SAPETY LEVEL QUANTITY

1566 U2 UNIT PRICE

1150 S0 VARIABLE STOCKACE OBJECTIVE
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APPENDIX C
DAILY DEMAND RATE ADJUSTMENT SUBSECTOR FLOW DYAGRAM AND VARIABLE LIST
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75C VARIABLE LIST FOR THE DAILY DEMAND RATE ADJUSTHENT SUBSECTOR
160

§25C ABISSL ADJUSTED BASE ISSL

158C ABTF  ADJUSTED BASE ISSL TIMING FACTOR
{75 ABTFST ABTF STEP TIME

2800 ARF  ADJUSTMENT RATE FACTOR

2230 ARF1  ADJUSTMENT RATE FACTOR 1

2300 ARFZ  ADJUSTMENT RATE FACTOR 2

273C ARF4  ADJUSTMENT RATE FACTOR 4

398C ARFS  ADJUSTMENT RATE FACTOR 5

323C ATF  ADJUSTMENT TIMING FACTOR

358C AVDISC ABSOLUTE VALUE OF BISC

375C BAB  BASE ADJUSTMENT TQ THE BASE ISSL
406C BFOL  BASE FRACTION ORDERED 1

4250 BFOZ  BASE FRACTION ORDERED 2

438C BISSL  BASE ISSL

415C ¢ CONSTANT

S#8C CRD  CUMULATIVE RECURRING DEMAND

SZ5C CRD1  CUMULATIVE RECURRING DEHAND 1

958C DDR  DAILY DEMAND RATE

S73C DDRAF  DAILY DEMAND RATE ADJUSTMENT FACTOR
4#BC DDRAR  DAILY DEMAND RATE ADJUSTMENT RATE
625C DDRD  DAILY DENAND RATE DISCREPANCY

_ 439C DISC  DISCREPANCY

675C T DELTA TINE

THOC EBIL  ESTABLISHED 3ASE INVENTORY LEVEL
725C EBILAR  EBIL ADJUSTNENT RATE :
138C EOQ  BASE ECONONIC ORDER QUANTITS
T75C EOQDL  BASE ECQ DEMAND LEVEL

898C E0Q1  BASE ECONONIC ORRER QUANTITY !
823C 10D  INITIAL OPERATIOR CAPABLE BATE
83UC HAXCHC RAXINUN CHANGE

875C NDAYS! NUMBER OF DAYS *

Wi NBMSl\NUHBER GF DAYS 2

925C NEMDDR WEW DAILY DEHEND RATE

¥36C QST AND SHIP TINE

75C 05T RAN™ SHIP TINE QUANTITY

 188RL osTM AND SHIP TINE QUANTITY 1

1023C PUSER  PARTS.USE RATE

1858C REVP  REVIE! PERICD

10730 L0 SAFETY LEVEL QUANTITY

14660 SLOL  SASETY LEVEL QUANTITY { |
M5 TIME  TIE

138C Up NIT PRICE

U7SC 480 VARIABLE STOCIAGE OBJECTIVE
(U
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APPENDIX D

DEPOT INVENTORY SECTOR FLOW DIAGRAM AND VARIABLE LIST
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T3C VARIABLE LIST FOR THE DEPOT INVENTORY SECTOR
198 :

125C BFO3  BASE FRACTION ORDERED 3

158C BPROCR BASE PROCUREMENT RATE :
175C CDEOQ  COST OF DEPOT ECONOMIC ORDER QUANTITY
2800 DAR  DEPOT APPROPRIATION RATE

223C DE0Y  DEPOT ECONOMIC GRDER QUANTITY

Z50C DFO  DEPOT FRACTION ORDERED

275C DFOL  DEPOT FRACTION ORDERED 1

3980 DFOZ  DEPOT FRACTION ORDERED 2

323C DFO4  DEPOT FRACTION ORDERED 4

350C DINV  DEPOT INVENTORY

373C DNAP  DEPOT MONEY AVAILABLE FOR PROCUREMENT
4#8C DPROCR DEPOT PROCUREMENT RATE

- 425C DRP  DEPOT REORDER POINT

AG80 DSR  DEPOT SPENDING RATE

475¢C T DELTA TIME

SU6C €03 BASE ECONOMIC ORDER QUANTITY

S25C AP BASE REORDER POINT

359C up UNIT PRICE

375C
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APPENDIX E
CONSUMPTION SECTOR FLOW DIAGRAM AND VARIABLE LIST




GOO1




W

1860

123C BINV
136C CD
175C CRD1
265C DRR
2L EIFP .
3K EIFR
215C ETRR
3§¥ 1000
3Z5C WRC
358C NEIB
375C NOF
4E4C NOFTF
4230 NOISEL
435C NREY
715¢ QMR
SBEC PURFI
S23¢ MURF2
S34C PURF3
5780 PUSER
4440 PUSERF
4230 UPEl
438 REL
§73C REID
T080 BNREL
125¢ §00
15
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73C VARIABLE LIST FOR THE CONSUMPTION SECTOR

BASE INVEXTORY

CONMAND DIRECTIVES

CUNULATIVE RECURRING DEMAND 1
DESIRED READY RATE

END ITEM FAILURE PRRAMETER

END ITEM FAILURE RATE

END ITEM REPAIR RATE

INIVIAL ORERATION CAPABLE DATE
MAINTENANCE REPAIR CAPABILITY
NUMBER OF END ITEMS QH BASE
NUNBER OF FAILURES

NUHSER OF FRILJRES TINING FACTOR
NOISE 1 '
NOT READY END ITEHS

OTHER PARTS USE RATE

PARTS USE RATR FRACTION 1

PARTS USE RATE FRACTION 2

PARTS USE RATE FRACTION 3

PARTS UGB RATE

PARTS USE RATE FRACTION
QUARTITY OF PARYS PER cND ITER
READY END ITEMNS

READY ERD JTEM DISCREPANCY
REQUIRED NUNBER OF RERDT END ITEMS
UING COMMANDER'S DESIRES

3
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23% A DYNAMIC MODEL OF YHE ISSL DEVELOPHENT PROCESS
SBNOTE

TSROTE

198MOTE  1SSL DEVELOPHENT SECTOR

125R0TE

138K0TE

{730 §1SSL.KsHISSL.J+{DT} (HIAR.Ji}

288KOTE HISSL  -NORLDWIDE ISSL

L5NOTE br -DELTA TINE

23ONOTE WIAR  -HORLDWIDE ISSL ADJUSTHMEM™ RATE
Z73R WIAR.KL=UIARFL.KHHIARFZ.K .

38HKOTE NIAR  -UORLDWIDE ISSL AD™STMENT RATE
323W0TE WIARFL -WORLDWIDE ISSL ADJUSTHENT RATE FACTOR 1
JSBROTE VIARFZ -WORLDWIDE ISSL ADJUSTNENT RATE FACTOR 2
375A BIARFS K=(RIM.K} (TF1.KI (NTF3.Ki (1/DT)

HINTE WIARF. -NORLDWIDE ISSL ADJUSTHENT RATE FACTOR i
423N0TE VIt -UORLDNIDE I8SL DESCREMNCY {
SINOTE  WIF1 | -WORLOWIDE 188L TINING FACTOR 1
475M0TE WiF3  -WORLDWIDE 1SSL TINING FACTOR 3
SHINOTE 1] ~DELTA TINE

9Z5A KDL .K=INISSL.K-NISSL.X

IBHOTE BI04 -WORLDWIDE 1SSL DYSCREPANCY 1
STSNOTE IJISSL  ~INITIAL NORLDWIDE ISSL

SHINOTE NISSL  -WORLDWIDE ISSL

625f NTF1.K=CLIP(#:1,TIHE.K/NREVT)

6SHNOTE NTF1  -NORLDWIDE ISSL TIMING FACTOR 1
CTSNOTE TINE  -TIHE

T69N0TE VREVT  -HORLDNIDE ISEL REVIEW TIME

25 NTF2.K=ELIP (6:1+UTF1.K:8.5)

TIINOTE WTF2  -HORLDNIDE ISSL TIMING FACTOR 2
TTSK0TE NTF1  -NORLDOWIDE ISSL TIMING FACTOR |
8O0 WIF3.KCLIP(# 3 NTF2.ds8.5)

S2NOTE WTF3  -WORLDRIDE ISSL TINING FRCTOR 3
8IINOTE WIFZ  -HORLDWIDE ISSL TIMING FACTOR 2
879A WIARF2,K=(NID2.K} (NTFZ.K? (NTF3.K) (1707}

YAINDTE WIARFZ -NORLDWIDE ISSL ADJUSTNENT RATE FACTOR 2
925N0TE NID2  -MORLDNIDE 155t DISCREPANCY 2
9SONCTE NTF2  -HORLDWIDE ISSL TIMING FACTOR 2
973NOTE NTF3  -NORLDNIDE IUSL VIMING FACTOR 3

- 1IENOTE or -DELTA TINE

{§25R WIDZ.K=(1FOB.K+SNDR.K-NISSL.K) (NQISER.K}

1#SANOTE VIDZ  -NORLDRIDE iSSL DISCREPANCY 2
1#7SNR0TE IFOB  -INPUT FRON OTHER BASES

HLBBNOTE SNDR  -SMOOTHED MOWTHLY DENAND RATE
HZINOTE WISSL  -NORLDWIDE ISSL

11SBNOTE NKDISEZ -NOISE 2
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L1758 SHDR.K=(38) (SHOOTH (NEWDNR.K:SP})

1288NDTE SHDR  -SNOOTHED HONTHLY DEMAND RATE
1Z23NOTE NCWODR  -NEH DRILY OENAND RATE

123R0TE & ~SHOQTHING PERICD

12738 1FOB.K=(SKOR.K/FETE, X} -SHDR.K

136SHDTE IFOB  -INPUT FRON OTHER BASES

1325807 SHDR  -GNOOTHED MONTHLY DEMAND RATE
1336803 FEIB  -FRACTION OF END ITENS ON BASC

13754 FEIB.K=NEIB/TNEI

L4UBROTE FEIB  -FRACTION OF ENT ITEMS ON BASE
13Z3H0TE NEIB  -NUMBER OF END ITENS ON BASE
$1430H0TE TNEI  -TOTAL NUMBER OF END ITENS

14734 NOISEZ.K=NORNRN(1.§:9.2)

1S9INOTE NOISEZ -KDISE 2

1525A INISSL.K=0STR.K+RCR.K

1SSINOTE INISSL -INITIAL BORLDMIDE ISSL

1375K0TE OSTR  -ORDER AND SHIP ,INE REQUIREMENT
16#ONOTE RCR  -REPAIR CYCLE REQUIRENENT

16238 OSTR.K={BOST.K) (PTMFI.K) (CP.K)

1638M0TE OSTR  -QRDER AND SHIP TINE REQUIREMENT
1673NOTE BOST  -BASE ORDER AND SHIP TINE

LT88NOTE PINFT  -PERK TOTAL NCNTH FIELD ISSUES
1723N0TE ce ~CONDENNATION PERCENT

1738 BOST.K=0ST/33  NONTHS

{773H0TE BOST  -BASE ORDER AND SHIP TINE

1089N0TE 0ST  -ORDER AND SHIP TINE

1825A RCR.K=(BRC.K) (PTNFL.K} {1.48-CP.K)

13S8ROTE RCR  -REPAIR CYCLE REQUIRENENT

1873K0TE BRC  -BASE REPAIR CYCLE

198MN0TE PTHF!  -PERK TOTAL NONTH FIELD ISSUES
192300TE p ~CONDENNATION PERCENT

195#A PTNFL.K<PTHORI.K-PTHD2I.K

1973N0TE PINFI  -PEAK TOTAL MONTH FIELD ISSUES
2HINOTE PINDRT -PEAK TOTAL NONTH OEMAND RATE ISSUES
WL PTNDOI  -FERK YOTAL NONTH DEPOT OVERHAW. ISSUES
28584 PTHDOL K= (DEPRP.K) (QFET) (PHP.K)

UTINOTE PTNDOI -PEAK TOTAL NONTH DEPOT QVERHAW. ISSUES
LI6EROTE BEFRP  -DEFOT REPLACENENT PERCENT

21ZINOTE QFEL  -QUANTITY OF PARTS PER END ITEN
2ISORITE PP -PERY NONTH PROCRAR

175 PTNORIK~(TORNF K} (QPEL) (PHP.K)

LWHNTE PTNORI -PEAK TOTAL MONTH DEMANG RATE ISSUES
RTINOTE TORNF  ~TOTAL DENAND RATE HAINTERANCE FACTOR
aSINOTE GPET  -QUANTITY OF PARTS PER EMD ITEM
233N0TE PP -PERK NONTH PROCRAM
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23981 BISSL.K=BISSL.J+{DTH(BIAR.JK)

L3TIH0TE RISSL  -BASE ISSL

23588012 &7 -DELTA TIME

L3TSYOIE BIAR  -BASE ISSL ADJUSTMENT RATE

24868 BLAR.KI.=BISSLD.K

LZSHOTE BIAR  -BASE ISSL ADJUSTHERT RATE

ZRIBHGTE SISSLD -BASE ISSL GISCREPANCY

24758 BISSLD.R={NISSL.Ki {FEIB.Ki~BISSL.K

2REKETE BISSLD -BASE ISSL GISCREPANCY
WSROTE dISSL  -NOMLDGIDE 1SR

L558R0TE FETE  -FRACTION OF EMD [TENS O DASE

Z37NOTE LISSL  -BaSE ISSL

2666N BISSL=BISSLI

| NNTE BISEL  -BASE 19SL

Z4SERITE BISSLI -BASE ISSL (INITIAL)

2673C BISSLI=16

219M0TE BISSLI -BASE ISSL (INITIA

225C NeIB=160

2ISINTE KEIB  -MUNBER OF END ITENS ON BASE
21736 TNEI=SED

202MTE TREl  -TOTAL NUHBER OF END ITEMS
2025M NISSL=NISSLI

263M0TE UISSL  -WORLDWIDE ISSL

I873N0TE HISSLI -WORLDWIDE ISSL (INITIAL)
29K NREVT=ZH

2925M0TE UREVT  -UORLDWIDE ISSL REVIEW TINE
29560 NISSLI=38

1973K0TE UISSLI -NORLDWIDE ISSL (INITIAL)
SHHN NTF3sL

3BLINTE UTF3  -WORLONIDE ISSL TINING FACTOR 3
K 5P=9

SHTINOTE $ ~ShOOTHING PERIOD

M 0ST=12  DAYS

31TTHOTE OST  -ORDER AND SHIP TINE

LS8N TDANF.K=TORNFI

AT TORNF  -TOTAL DENAND RATE HAINTENANCE FACTOR
JLURTE TORNFT  -TORMF CINITIAL)

SLIC TORWF1=1.0

JTIMOTE TORMFT -TORNF (INITIAL

273N NP KsPHPL

BHOTE PP -PEAX NONTH PROCRAY

33Te PHPT  -PNP {INITIAL)

33500 PHPL=A]

7SNOTE PNPL  -PNP (INITIAL)

SUIA DEPRPKSDEPRPI

3423M0TE DEPRP  -DEPQT REPLACENENT PERCENT
SASBNTE UEPRPL -DEPOT REPLACENENT PERCENT (INITIAL)
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3475C DEPRPI=8
3368NOTE DEPRPI -DEPOT REPLACENENT PERCENT (INITIAL)
3523A CP.K=CPI
3336NOTE P ~CONDENNATION PERCENT
3575NOTE CPI  -CONDEMNATION PERCENT (INITIAL)
3688C CPI=1.8
3625N0TE  ~ CPI  -CONDENNATION PERCENT (INITIAL)
3638A BRC.K=BRCI

. J6ISNOTE ~ BRC  -BASE REPAIR CYCLE
37BINOTE BRCI  -BASE REPAIR CYCLE (INITIAL}
3723C BRCI=6
375BNOTE BRCI  -BASE REPAIR CYCLE (INITIAL)
3TTSROTE
J3FINOTE
J82NQTE  BASE INVENTORY SECTOR
3856N0TE (INVENTORY SUBSECTOR!
387SNOTE
39BINOTE
39Z3L BINV.K=BINV.J+{DT} (BPROCR.JK-PUSER,JK)
S990NATE BINV  -BASE INVENTORY
397SNBTE BPROCR -BASE PROCURENENT RATE
4HIINOTE PUSER  -PARTS USE RATE
4925R BPROCR,KL={EQQ.K} (BFU.K)
43ENOTE BPROCR -BASE PROCUREMENT RATE
4073R0TE EOR  -BASE ECONONIC ORDER QUANTITY
$1BN0TE BF0  -BASE FRACTION ORDERED
41254 E0Q.K={(4,4) (SQRT((DDR.K) (VS0) (UPY 1))/ (UP)
415N0TE E0Q  -BASE ECONONIC ORDER QUANTIVY
4175K01E DOR  -DAILY DENAND RATE
42IINOTE V80  -VARIABLE STOCKACE OBUECTIVE
42253801 w -UNIT PRICE
42594 BFD,K=(BFO1.K) {BFOS.K) (NINIBFO3.K+BFOA.K)) (1/0T)
427SH0TE BF)  -BASE FRACTION OROERED
£3HN0TE BF01  -BASE FRACTIGN OROERED 1
432540TE BFOS  -BASE FRACTION ORDERED 5
4339N01E BF03  -BASE FRACTION ORDERED 3
A375R0TE BFO4  -BASE FRACTICN ORDERED 4
HinE or =0ELTA TINE
44252 BFO1.KeCLIP(8+1,BINV.KoRP.K)
44SINDTE BFO1  -BASE FRACTION ORDERED 1 ’
HTSNOTE BINV  -BRSE INVENTORY
ASPINOTE RP -BASE REOROER POINT
43250 BFOZ.K=CLIP(§+1,8F01.010.5) .
4554N0TE BFO2  -BASE FRACTION ORDERED 2
4375H01E BFO1  -BASE FRACTION GADERED 1
A4F6L BFOS.K=CLIP (91 1,8F02,000.5)
4625K01E BFO5  -BASE FRACTION ORDERED 5
46SINOTE BF0Z  -BASE FRACTION OROERED 2
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4675 BFO3.K=CLIP(1+{DINV,K/EQQ,K}+ (BINV.K-EQQ.K} 8}
AT8BNOTE BFO3  -BASE FRACTION ORDERED 3

4725N0TE DINV  -DEPOT INVENTORY

4758NOTE E0¢  -BASE ECONORIC ORDER QUANTITY

4775A BFOA,K=CLIP{1, (BHAP.K/CEQQ.K) ¢ (BXAP.K-CEOQ.K} 1)
4888N0TE BFMA -BASE FRACTION ORDERED 4

482580E BMAP  -BASE NONEY AVAILABLE FOR PROCUREMENT
4858NOTE (203  -COST OF BASE ECONONIC ORDER QUANTITY
48754 CEOQ,K=(E0Q.K} (UP)

4948N0TE CE0Q  -COST OF BASE ECONONIC ORDER QUANTITY
H2SMTE EOQ  -BASE ECONOMIC ORDER QUANTITY
A95BNOTE ue -UNIT PRICE

49754 RP.K=MAXL{BISSL.K/3) +NRP.K)

. ShEENOTE RP -BASE REORDER POINT

SH2SNATE BISSL  -BASE INITIAL SPARES SUPPORT LIST
SISANOTE NRP  -NORMAL REOROER POINT

SHTSA NRP.K=0STR.K+SLAK

SIBINOTE NRP  -NORMAL REORDER POINT
S1ZINOTE OSTQ  -OROER AND SHIP TINE QUANTITY
SISONOTE SLQ  -SAFETY LEVEL QUANTITY

9175A 08TQ.K=(DDR.KMOST)

S2HNKOTE 0STQ  -ORDER AND SHIP TINE QUANTITY
S2LIMTE DOR  -DAILY DENAND RATE

SISINOTE 0ST  -ORDER AND SHIP TIME

S275A SLU.K=MAX((C) (SQRT ({3} (3STQ.K) )1+ (DOR.K) (13}}
S3S6NOTE SLQ  -GAFETY LEVEL QUANTITY
S325NDTE ¢ ~CONSTANT

S3SN0TE 0SYG  -ORDER AND SHIP TINE QUANTITY
9375M0TE O0R  -DAILY DENAND RAYE

SABL BNAP.K=BAAP,J#{DT) (BAR,JX-BSR.JK)

S423NOTE 3MAP  -BASE NONEY AVAILABLE FOR PROCURENENT
S4SEROTE L) =DELTA TIHE

SETSNOTE - BAR  -BASE APPROPRIATICN RATE
ToaNOTE BSR  -BASE SPENDINC RATE

23R BAR.KL=34R.JK

SSSINOTE BAR  -BASE APPRUPRIATICW RATE
SS7SKOTE BSR  -BASE SPENDING RAT:

SA25H0TE BSR  -BASE SPENDING RATE

SSINOTE BPROCR -BASE PROCURENENT RATE
SIMTE P ~UNIT PRICE

STERN BINV=RikvI

STZIMOTE BINV  -BASE INVENTORY

STSNOTE BIKVI  -BASE INVENTORY (INITIAL)
S173C BINVI=20D

SeMITE BIKVI  -BRSE IMVENTQRY (IMITIAL)
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9823C VS0=188

S856NOTE vsd -VARIABLE STOCKACE QBJECTIVE

S875C C={

S99BNOTE C ~CONSTANT

S925M BFO231

SPSBNOTE BFOZ  -BASE FRACTION GRDERED 2

975N BFOS=8

SBERNOTE BFOS  -BASE FRACTION ORDERED S

6825N BHAP=BMAP]

66SNOTE BMAP  -BASE MONEY AVAILABLE FOR PROCUREMENT
SHTSNOTE BNAPI  -BASE WONEY AVAILABLE FOR PROCURENENT (INITIAL)
$196C BNAPI=588

S125NOTE BMAPY  -BASE MONEY AVAILABLE FOR PROCURENENT (INITIAL)
$156C UP=,5

S175NOTE up -UNIT PRICE

S24INOTE

S223N0TE

S25INATE BASE INVENTORY SECTOR

S27SNOTE (DAILY DEMAND RATE ADJUSTMENT SUBSECTOR)
4300NOTE

$32INOTE

4358L DOR.K=DDR.J+(DT) (DORAR.JK)

4373NOTE DDR  -DAILY DENAMD RATE

8376NOTE oY ~DELTA TIHE

637TNOTE DORAR  -RAILY DENAND RATE ADJUSTHENT RATE
S4FIR DDRAR.KL=DDRAF X

S423N0TE DDRAR  -RAILY DENAND RATE ADJUSTMENT RATE
SASINOTE DORAF  ~DAILY DENAND RATE ADJUSTHENT FACTOR
AT3A DORAF.K=(DORD.K) (BFO1.X) (BFOZ.K) ARF1.K) (1/DT)
S38INOTE DORAF  -DAILY DEMAND RATE ADJUSTMENT FACTOR
SS2INOTE OORD  -DAILY DEMAND RATE DISCREPANCY
S55IN0TE BFO!  -BASE FRACTION ORDERED 1

6STIMTE BF0Z  -BASE FRACTION ORDERFD 2

S68INDTE ARF1  -ADJUSTHENT RATE FACTOR |

SH2INATE T -DELTA TINE

“5“ DMD.K“&E"BM.K‘WR.K

SLTSNOTE OORD  -DAILY DEMAND RATE DISCREPANCY
S76I0TE NEWDDR -KEW DAILY DERAND RATE

$123MTE DOR ~BAILY DEMAND RATE

6734A REWODR.K=CRD.K/NDAYS2.K

$TTSN0TE RENDOR -NEW DAILY DENAND RATE

S3HNOTE CRD  -CUNULATIVE RECURRING DENAND
$325N0TE NBATS2 -NUMBER OF DAYS 2

43580 REVPI=4S  DAIS

S3715M01E REVPT  -REYIEW PERIOD CINITIAL)
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b9HFOR I=1,REVPI

692IN0TE I -REVIEW PERIOD COUNTER
$95N0TE REVPI  -REVEIW PERIOD (INITIAL)
69758 CRD.KsSUNICRD1.K}

$976NOTE CRD -CUNULATIVE RECURRING DEMAND
TISINOTE (R01  -CUMULATIVE RECURRING DEMAND |
7625L CRD1.K(§)=(PUSER.JK) (BT)+CRD1.J(1)

THSENOTE CRD{  -CUNULATIVE RECURRINS DEMAND 1
THTSKOTE PUSER  -PARTS USE RATE

. TLIONOTE o -DELTA TIME

T125A NDAYSZ.K=CLIP(NDAYS1.K+1,HDAYSL K+ 1)
TISHNOTE NBAYSZ -NUNBER OF DAYS 2
HT3N0TE NDAYS1 -NUMBER OF DAYS 1

- T280A NDAYS1.KsCLIP(REVP.KoTIME K TINE.KeREVP.K)
T2SNOTE NDAYS! -NUNBER OF DAYS 1
TINOTE REVP  -REVIEW PERIOD
T2ISKOTE TINE  -TINE
T3HA ARF1.K=CLIP (18 (AVDISC.K-SURT(EBIL.K)) 8}
T325M0TE ARF1  -ADJUSTMENT RATE FACTOR t
T3INTE AVDISC -ABSOLUTE VALUE OF DISC
T373N0TE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
T403A DISC.K-EQQDL.K-EBIL.K
TAZINOTE DISC  -DISCREPANCY
TASONOTE E0SDL  -BASE EQQ DEMAND LEVEL
TATINGTE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
T386A AVDIST.K=HAX (D1SC.Ky-DISC.K)
TS2SKOTE AVDISC -ABSOLUTE VALUE OF DISC
TIBN0TE DISC  -DISCREPANCY
TS75A EOQDL.K=EDQ1.K+STQL K+SLOL.K
TOEBNOTE EQQDL  -BASE EQQ DEMAND LEVEL
TeISKATE E0Ql  -BASE ECONONIC ORDER GUANTITY 1
TSHNOTE 0STO!  -CRDER AND SHIP TINE GUANTITY 1
TAISHOTE SLA1  -SAFETY LEVEL QUANTITY {
TI00A EQQ1.K=( (4, 4) (SQRT((HEWDDR.K} (VSD) LUPY))) / (UP)
TILSKOTE E0Q1  -BASE ECONOMIC OVDER QUANTITY {
TISONOTE KEWDOR -NEW DAILY DEMAND RATE
T175N0TE VF)  -VARIABLE STOCKACE OBJECTIVE
TRHNOTE w -UNIT PRICE
78254 0STO1.K={NEWDDR.K) (0ST)

N T85IN0TE 05741  -OROER AHD SHIP TINE QUANTITY 1§
TETSNOTE NEWDDR -NEW DAILY DEHAND RATE
T958N0TE 05T -ORDER AND SHIP TINE

. TO5A SLOT.K=MAR((C)(SQRT{(3) (OSTAL.K)}} ¢ (KEWDDR,K) (15))
THSMROTE SLO1  -SAFETY LEVEL QUANTITY t
TITSNOTE & ~CONSTANY
SHMINDTE 0STQ1  -GROER AND SHIP TIKE QUANTITY 3
8H25N0TE KEUDDR -MEM DAILY DEMAND RATE
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83580 EBIL.K=EBIL.J+(DT) (EBILAR.JK)

SH7SNOTE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
BLEINOTE it -DELTA TINE .

8123NOTE EBILAR -EBIL ADJUSTMENT RATE

8158R EBILAR.KL=(1/DT) (ARF.K)

8175MTE EBILAR -EBIL ADJUSTHENT RATE

S20MNOTE T -DELTA TINE

8223N0TE ARF  -ADJUSTNENT RATE FACTOR

8Z5#A ARF.X=(ARFA.K-EBIL.K) (ATF.K)

827SNOTE ARF  -RDJUSTUENT RATE FACTOR

83PINOTE ARF4 « -ADJUSTMENT RATE FACTOR 4 -
832INTE €BIL  -ESTABLISHED BASE INVENTORY LEVEL
8359NOTE ATF -ADJUSTMENT TIMING FACTOR

. 83754 ATF.K=(BFO1.K) (BFO2.K)

S4FINOTE ATF  -ADJUSTMENT TINING FACTOR
BA2SNOTE . BFO1  -BASE FRACTION ORDERED {
S4IINOTE BF0Z  -BASE FRACTION ORDERED 2

S475A ARF4.K=SHITCH{{ARFZ.K+EBIL.K)»

8509 (NAX (ARF2.K+EBIL.K+ABISSL.K)) 1ABISSL K}

8523M0TE ARF4  -ADJUSYMENT RATE FACTOR 4
8539NOTE ARFZ  -ADJUSTMENT RATE FACTOR Z
857SN0TE EBIL - -ESTABLISHED BASE INVENTORY LEVEL
B4IMNOTE ABISSL -ADJUSTED BASE ISSL '

8625A BISSL.K=(BAB) BISSL.K) (ABTF.K)

865INOTE ABISSL -ADJUSTED BASE ISSL

8673N0TE BAR  -BASE ADJUSTNEAT TO THE BASE ISSL
8476MOTE RISSL  -BASE ISSL

876001 ABTF  -ADJUSTED BASE ISSL TINING FACTOR
37254 ABTF.K=STEP(1,ABTFSTIHSTEP(-1, 1004730

8758K0TE ABTF  -ADJUSTED BASE ISSL TINING FACTOR
8775NOTE ABTFST -ABTF STEP TIME

SEHINOTE 1D ~INITIAL OPERATION CAPABLE DATE
88254 ARFZ.K={MIN(AVDISC.K/NAXCHG.K)) (RRF1.K) (ARFS.K)
88IFNOTE ARFZ  -ADJUSTNENT RATE FACTOR 2
$375N0TE AVDISC -ASSOLUTE VALUE OF DISC

SYEMNTE NAXCHG -NAXINUM CRANGE

8925M40TE ARF1  -RDJUSTHENT RATE FACTOR 1
89SINOTE ARFS  -ADJUSTRENT RATE FACTOR §

8973A ARFS.K=LLIP(10-1DISC.K' )

8HINOTE ARFS  -ADJUSTMENT RATE FACTOR §
W2IN0TE DISC  -DISCREPANCY

F858A BAICHC.K=SORT (EBIL.K)

WIINTE NAICHG -NAXINUM CHARCE

NIIOTE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
1254 00Ra00R1

IRTE 00k -DAILY DENAND RATE

TMOTE BORI  -DAILY DENAND RATE (INITIAL)
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9284C DORI=3 '

F22SNOTE DORT  -DAILY DENAND RATE (INITIAL)
9258A REVP.K=REVPI ‘

9275N0TE REVP  -REVIEW PERIOD

9389N0TE REVPI  -REVIEW PERIOD (INITIAL)
9325K CRD1{1)=H :

935ENOTE CRO1  -CUNULATIVE RECURRING DEMAND t
9375A OUT.K=SHIFTL(CRD1.K\ INTVL)

UKNCTE QT -DISCRETE OUTPUT OF CRDI ARRAY
G42SNOTE (RDY  -CUMULATIVE RECURRING DEMAND {
USINOTE INTUL  -CRD1 ARRAY SHIFT INTERVAL
Y4TSC ABTFST=8

JSINOTE - ABTFST -ABTF STEP TIME

. 99250 BABs!

Q3SHROTE BAB  -BASE ADJUSTNENT TO THE BASE ISSL
9575C INTL=L '
~ b8ENOTE INTW  -INTERVAL

625K EBIL=EBILI
96IONOTE EBIL  -ESTABLISHED BASE INVENTORY LEVEL
987INOTE EBIL]  -ESTABLISHED BASE INVENTORY LEVEL (INITIAL)
9798C EBILI=288
725MITE EBILI  -ESTABLISHED BASE IMVENTORY LEVEL (INITIAL)
YISENOTE
TTSNOTE
¥BISNOTE DEPOT INVENTORY SECTOR
9825R0TE
85INOTE
F475L DINV.K=DINV.J+(DT) (BPROCR.JK-BPROCR.JK)
F9BNOTE  DINV  -DEPOT IKVENTORY
§925MOTE  DPROCR -DEPOT PROCUREMENT RATE
99SONOTE  BPROCR -BASE PROCUREMENT RATE
7SR DPROCR.KL=(DECQ.K) (DFQ.K)
{GS6HN0TE  OPROCR -DEPOT PROCURENENT RATE
IBI25HO0TE  DEDQ  -DEPOT ECONOMNIC ORDER QUANTITY
IMSHNOTE  DF0  -DEPOT FRACTION ORDERED
165754 DECQ.K={5) (EQQ.K)
LMIINOTE  DEOQ  -DEPOT ECONOMIC ORDER QUANTITY
IMZSNTE  E0Q  -BASE ECONGHIC ORDER QUANTITY
101383 DFO.Ks (UFD1.K) (BFOZ.K) {OFBA.K)
IOITSHOTE  DFO  -UEPOT FRACTION ORDERED
10L9N0TE  DFO!  -DEPOT FRACTION ORDERED 1
10225K0TE  DF02  -DEPOV FRACTION ORDERED 2
J623BR01E  DFO4  -DEPOT FRACTIOM ORDERED ¢

145




18275A DFO1.K=CLIP (§) (1/DT) 1 DINV.K1DRP .K)
19398¥0TE  OFO1  -DEPOT FRACTION ORDERED {
I0323MQTE T -DELTA TINE
13SANOTE  DINV  -DEPOT IMVENTORY
1837SM0TE  ORP  -DEPOT REORDER POINT
18488L DFOZ,K=CLIP (@41 1DF01.Jv8.5)
IM2ONOTE  DFO2  -DEPOT FRACTIOM ORDERED 2
IBASBNOTE  DFO1  -DEPOT FRACTION ORDERED {
18475A DRP.K=(5) (RP.K}
I6SBONOTE  DRP  -DEPOT REORDER POINT
16525M0TE  RP -BASE REORDER POINT
18539A DFO4.K=CLIP (1, (DMAP.K/CDEDQ.K) + (ONAP.K-CDEOQ.K} 8}
18375MTE - DFO4  -DEPOT FRACTION ORDERED 4
- IGGSNOTE  DNAP  -DEPOT MONEY AVAILABLE FOR PROCUREMENT
IBSZSNOTE  CDEQQ  -COST OF DEPOT ECONONIC ORDER QUANTITY
190568 CDEOQ.K=(DEDQ.K) (UP) -
18675NOTE  CDEOQ  -COST OF DEPOT ECONOMIC ORDER QUANTITY
IJTONOTE  DEQG  -DEPOT ECONONIC ORDER QUANTITY
IOTINOTE UP ° -UNIT PRICE
10758 DNAP.K=DHAP.J+(D7) {BAR.JK-DSR.JK)
ISTISNOTE  DNAP  -DEPOT NONEY AVAILABLE FOR PROCURENENT
198880TE DT -DELTA TIME
§B2SNOTE  DAR  -DEPQT APPROPRIATION RATE
13G38NOTE  DSR  -DEPOT SPENDING RATE
1#875R DAR.KL=DSR,uK
1098BNOTE ~ DAR  -DEPOT APPROPRIATION RATE
IO925MOTE  DSR  -DEPOT SPENDING RATE
. 19956R DSR.KL=(DPROCR.JK) (UP)
L ; IO9TSM0TE ~ DSR -DEPOT SPENDING RATE
y ; ~ LIBBINOTE  DPROCR -DEPQT PROCUREMENT RATE
1635MTE U ~UNIT PRICE
11059N DINV=(S) (BINV])
JIOTSNOTE  DINV  -DEPOT INVENTORY
LULINOTE  BINVI  -BASE INVENTORY (INITIAL}
151250 DFO22t
HISONOTE  DFO2  -DEPOT FRACTION ORDERED 2
114758 DNAP=(5) (BNAPI)
H2HTE  DNAP  -DEPOT MONEY AVAILABLE FOR PROCURENENT
LZZIN0TE  BMAP1  -BASE NONEY AVAILABLE FOR PROCUREMENT (INITIAL)
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11Z56N0TE

1127580TE

1136ONOTE  CONSUMPTION SECTOR

11323N0TE

11358N0TE

113750 RED.K=REL.J+(BT) (EIRR.JK-EIFR.JK)
114§8NOTE REI  -READY END ITEMS
11425N0TE or -DELTA TINE

11458NDTE - EIRR  -END ITEN REPAIR RATE
{L473N0TE EIFR  -END ITEM FAILURE RATE
11588R EIRR.KL=(PUSER.JK/GPEY)

1132340TE EIRR  -END ITEN REPAIR RATE
11558NOTE PUSER  -PARTS USE RATE

- 1137301 @PET  -QUANTITY OF PARTS PER END ITEN

L1490R EIFR.KL=NOF K

{1825N0TE EIFR  -END ITEN FAILURE RATE
{16SONOTE  NOF  -NUNBER OF FAILURES

{16758 PUSER.KL=(NRE K) (QPEI) (PUSERF K1 +0PUR
{{78SNOTE  PUSER  -PARTS USE RATE

{1725N0TE  NRED  -NOT READY END ITENS

{1750N0TE QP -QUANTITY OF PARTS PER END ITEN
UTTSNOTE  PUSERF -PARTS USE RATE FACTOR
{1B0INOTE  OPUR  -OTHER PARTS USE RATE

11825A NRE! .K=NEIB-REL.K

{1830NTE  NRED  -NOT READY END ITENS

{IB7SNOTE  NEIB  -NUNBER OF END ITEMS ON BASE
U9OBMOTE  RED  -READY END ITEMS

119258 PUSERF K= (NIN(PURF1 K+ PURF3.K) ) (PURF2.K)
1193INOTE  PUSERF -PARTS USE RATE FRACTION
U197SMOTE  PURFL  -PARTS USE RATE FRACTION {
1209INOTE  PURF3  -PARTS USE RATE FRACTION 3
I2025N01E  PURF2  -PARTS USE RATE FRACTION 2
120580 PURF Y K=CLIPU1 » (BINV.K/ (NREL .K) (QPEI ) » (BINV K-
128758 (NREL.K) (QPET)}18)

{2INOTE  PURFY  -PARTS USE RATE FRACTION |
{20251 BINV  -BASE INVENTORY

121SWN0TE  MRED  -NOT READY END ITEMS

[2075K1E  OPE1  -QUMTITY OF PARTS PER END LTEN
122000 PURF2.K=TABHLIPURFETIREID.Kr-19111 1)

1225WTE  PURFZ  -PARTS USE RATE FRACTION 2
12250N0TE  PURFZT -PARTS USE RATE FRACTION 2 TABLE
12075W01E  REID  -READY END ITEW DISCREPANCY
123883 PURF3.K=CLIP(11 (NRC/NRET K1 + (KRC-NRET k) 10)
[2325401E  PURF3  -PARTS USE RATE FRACTION 3
IZ3500TE  WRC - -MAINTENANCE REPAIR CAPABILITY
{23750TE  MAED  -NOT READY END ITEHS
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124894 REID.K=RNREI.K-RET.K

12425N0TE REID  -READY END ITEN DISCREPANCY
124GHNOTE RNREI  -REQUIRED NUMBER OF READY END ITEHMS
1ZATSNOTE REI  -READY END ITEXS

123807 RNREI.K=(DRR.K) (NEIB} '

12523M0TE RNREl  -REQUIRED NUMBER OF READY END ITENS
12358N0TE DRR  -DESIRED READY RATE .
12575K0TE NEIB  -NUMBER QF END ITENS ON BASE
126088 DRR.K=CD+NCD

1262Z3N0TE DRR - -DESIRED READY RATE

{2658N0TE 0 ~COMMAND DIRECTIVES

{2675N0TE NCD  -WING CONMANDER’S DESIRES

12788 NOF K={REI.K} (EIFP} (NOISE].K} (NOFTF.K)

T 12T2NOTE NOF  -NUMBER OF FAILURES

1ZTSINOTE REI  -READY END ITEMS

1277SK0TE EIFP  -END ITEN FAILURE PARAMETER
12808N0TE NOISE! -NOISE t

12025N0TE KOFTF  -NUMBER OF FAILURES TINING FACTOR
128944 NOFTF.K=STEP(1.10CD) : ‘
12875K0TE NOFTF  -NUNBER OF FAILURES TIMING FACTOR
12906M0TE 10CD  -INITIAL OPERATION CAPABLE DATE
12925R NOISED.K=NORHRN(1.3:8.2)

1295#NOTE NOISE! -NDISE 1

129738 REISRETI

13§8INOTE REI  -READY END ITENS

13623N0TE REIT  -READY END ITEMS (INITIAL)

13058 RE11=98

13675N0TE REIl  -READY END ITEMS (INITIAL)

13184C QPEI=2

. 13125N0TE QPEI  -QUANTITY OF PARTS PER END ITEM
13156C 0PUR=H

13173M0TE 0PUR  -OTHER PARTS USE RATE

132807 PURF212,3/.3/,35/,41.5/.8681 .8/ .9 3811 /1. 11,
15223K0TE PURF2T -PARTS USE RATE FRACTION 2 TABLE
13254C 1000=8

13275HOTE 10D  -INITIAL OPERATION CAPABLE DATE
133000 EIFP=.0167  PER DAY

13323K0TE EIFP  -END ITEM FAILURE PARANETER

133560 NRC=4

13313N01E MRC  -HAINTENANCE RAPAIR CAPABILITY
13483 £D=.83 '

112501 @ ~CONMAND DIRECTIVES

130340 UCD=.85

1347SM0TE - WE0 -RINC COMMANDER'S DESIRES
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135P0N0TE

13525N0TE

13559N0TE CONTROL CARDS

JRSTINOTE

13098N0TE

§3823PLOT DIkV=1/DPROCR=P/DRP=R/DEOQ=E/OF01=1 "IF02=2/0FQ4=4/DF 0=+
13638PLOT BINV=1/BPROCAsP/RP=R/EOQ=E/BF01=1/8F0Z=2/BF03-3/BF04=4/
13575X BFOS=5/BF0=¢

© 13788PLAT DOR=D/CRO=C/NENDDR=N/SHDR=S/NDAYSZ=2

13723ML0T EBIL=E/ARF1=1/ARF2:2/ARFA=4/(RFS=5/ARF=A/EOQDL=R/
. 137381 DiSC=X/MAXCHCN

13775PLOT BISSL=B/NISSL=W/RIARF1=1/UIARF222/NIAR=A/

13889 INISSL=2/SKDR=S/NTF1=X/NTF2=Y/NTF3=2

13823007 PUSER=P/EIRR=R/EIFR=F/REI=#/NRE1=N/PURF1=1/
138381 PURF2=2/PURF3-=3/PUSERF=Y

13873SPEC DT=1/LENCTH=358/FLTPER=1

{3HIIRUN
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